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PREFACE. 



Although the following work is a compilation, and can 
hardly aspire to the praise of great originality, yet the au- 
thor ventures to hope that it will be found, on examination, 
to bear a favorable comparison with similar works, in per- 
spicuity of style and arrangement, in practical utility, and in 
adaptation to the wants of young learners, — a class for whom 
it is especially designed. 

The author has studied simplicity in the arrangement, by 
distributing the whole subject into three general heads, de- 
nominated respectively. General Principles and Laws, The 
Elements and their Conibinatums^ and Organic Chemistry, 
Since most of the pupils in our schools have the opportunity 
of studying appropriate works on Natural Philosophy, he 
has not deemed it necessary or advisable to treat here of 
the mechanical laws of attraction, heat, light, electricity, and 
magnetism, but by confining himself strictly to chemical 
laws and phenomena, he has gained space to treat those 
subjects with the greater freedom and fulness, and to dwell 
more at large oh their important applications to the arts 
and to the phenomena of nature. 

With the hope of rendering the work more useful to 
the pupil, and more acceptable to the instructor, three arti- 
cles are added : one on Experiments^ containing a copious 
selection adapted to a complete illustration of the text ; the 
second on Chemical Processes^ describing various operations 
of the laboratory ; and a third on Chemical Apparatus, in 
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which certain forms of apparatus not mentioned in the for- 
mer parts of the work are described. 

In the preparation of the work, a great number of the 
most approved authorities have been consulted, but more 
especial use has been made of the excellent treatises of 
Fowne & Gmelin. The author has also been favored with 
the advice of his father, Professor Olmsted, and has re- 
ceived many valuable suggestions from Mr. William J. 
Craw, of the Yale Analytical Laboratory. 

New Haven, Jtme, 1851. 



ADVERTISEMENT 



All the engravings of this work are published in a pamph- 
let form, which may be had at a trifling expense. The 
publishers have printed the figures in this separate form at 
the request of several teachers, that the pupils might be 
able to recite from the figures without the text. A few of 
these pamphlets may answer the purpose of a set of expen- 
sive diagrams. 
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ELEMENTS OF CHEMISTRY. 



PART I. 

GENERAL PRINCIPLES AND LAWS. 

DEFINITIONS AND GENERAL PROPERTIES OF MATTER. 

1. Chemistry is that science M^faich has for its object, to 
investigate the composition of bodies, and the changes of 
constitution which they produce by their action on each 
other. 

Natural philosophy respects masses ; chemistry, particUt 
of matter. 

Air, earth, and water, when considered with reference to 
their constituent elements, belong to chemistry; when in 
relation to the vast masses of the atmosphere, the land, and 
the ocean, they come under natural philosophy. 

2. Chemistry is divided into organic and inorganic, corres- 
ponding to the two great departments of nature, — ^the living 
and the inanimate. Organic chemistry investigates the 
composition of bodies possessing life, and the changes produ- 
ced in these bodies by other substances. Inorganic chem- 
istry pertains to inanimate nature, and includes the compo- 
sition and mutual agencies of bodies not organic. 

3. The properties of matter are chemical or mechanical. 
The chemical properties are those which produce a change 
in the constitution or nature of bodies ; the mechanical, 
those which alter their figure or position. The extraction 
of the juice of apples by pressure, is mechanical ; but the 
spontaneous change which the juice undergoes by fermen- 

1. How is Chemistiy defined? How are Natural Philosophy and Chem- 
istry distinguished! 

2. Into what parts is Chemistry divided T What is the ohject of oi^ganie 
Chemistiy ? What is the province of inorganic Chemistry ? 

3. How are the mechanical and chemical properties of matter distinguished? 
In making cider, what part of the process is mechanical ? What is chemical? 
What part of the process of making bread is mechanical f What is chemical f 

2 
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tation, is chemical. Tke mixing f)f flour, yeast, and water, 
is a mechanical operation ; but these mgredients pass 
through a chemical process when they ferment and are 
converted into bread. 

4. Analysis and synthesis are two methods of inquiry 
into the constitution of bodies. Analysis is derived irom 
a Greek word, which signifies " to resolve," and denotes the 
resolution of a body into its component parts. It is that 
method in chemistry by which the elements of a hody are dis- 
covered by resolving it into its component parts. Synthesis 
is the opposite of analysis. It is derived from a Greek 
word, signifying " to put together." It is that method in 
chemistry by which the constitution of a body is determined 
by uniting its components, 

6. In entering upon the study of chemistry, it is neces- 
sary to understand the following properties of matter : 

(1.) All matter is made up of a vast number of extremely 
minute particles, called molecules, or atcms. The particles 
of one grain of copperas (sulphate of iron) dissolved and 
diffused in twenty-four million grains of water, will still 
be easily detected by the proper chemical test.* 

(2.) Matter is indestructible. The elements of which bo- 
dies are composed, are continually changing their forms and 
ttiodes of combination ; but in all these changes of form, they 
[M!ill remain unchanged in their nature and properties. Fire 
consumes wood, and the wood appears to be destroyed ; 
but from its combustion other plants derive new life, imbib- 
ii^^through their leaves, or the soil, most of that which es- 
capes in smoke or remains behind in ashes. Ice is changed 
itoti6 water, and water into steam, by heat ; but in the form of 
clouds and rain, of dew, snow, and hail, watery vapor is 
i^umed again to the earth. Ceaseless change, with a final 
restoration of every particle of matter, attends all the phe- 
^ome^aa of nature. 

(8.) Attraction is a tendency of different portions of matter 
td^^rards each other. It may exist between masses or parti- 
cle. The attraction between masses is called gravitation, 
Wad ^thte coiisideration of it belongs to natural philosophy ; 

* Ferrocyanuret of potash. 

4. What is analysis? What is synthesis? 

6. Of what is all m&tter made up ? Is any portion of tnatter destroyed or 
lost ? Does fire destroy, or only change the form of matter ? What becomes 
of smoke and ashes ? Is water lost when converted into rapor t How does it 
return again to the earth ? What is attraction ? How is gravitation distin- 
guished from aggregation, affinity, and cohesion I What is said of aggregation ! 
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tbat between particles bekmgB to chemistry, aad inchideB a^ 
gregcOUm, qffiniiyy and cohesion. Aggregation unites particles 
of the ^ame kind in one body, as the particles c^ lead in a. 
musket ball. Affinity unites different particles in one body, 
as particles of copper and zinc to form brass. CoheaioA 
unites particles mechanically, and may be overcome by me^ 
chanical means, as that of a lump of sugar by grinding. 
The attraction of gravitation acts at all diHanceSy as when 
a ball falls towards the earth, or when the sun attracts one 
of the planets. The seyeral kinds of attraction which exist 
between the particles of matter, act only at ingensihle dU: 

c^Aances, as the force tjrhich binds together particles of gold. 

L?/X-by aggregation, or p9,rticles of copper and tin in bell metal 
by affinity, or grainshctf. sandstone by cohesion. 

(4.) RepuUion is opposed ta attraction in all its forms. At- 
traction binds together l^e particles of matter; repulsion 
causes them to separate .more widely. In solids, attraction 
prevails ; in liquids, attraction and repulsion are in equilibri-. 
um ; and in gases, (or bodies in the form of air,) repulsion 
entirely overcomes the force of attraction. These effects. 
generiJly depend upon heat At a low temperature at^ 
traction prevails ; almost aU bodies assume the solid state at. 
a low temperature. At a higher degree of heat, repulsion . 
neutralizes and finally destroys cohesion, and nil booies as^ 
sume the gaseous state. Thus, zinc at common tempera- 
tures is solid, the particles being firmly united by cohe^ 
sion ; at a higher temperature it melts, and at a very high 
temperature it is volatilized, or driven off in vapor or gas. 



OF HEAT. 

6. The cause of the phenomena of heat is unknown, but 
it is supposed to be a mghly attenuated, imponderable sub- 

What force unites copper and zinc to form brass % What is said of cohesion ? 
By what force does a body fall to the earth, or a planet revolve around the sun 1 
At what distance does gravitation act \ How are the attractions of aggregation, 
affinity, and cohesion defined? To what is the force of repulsion opposed! 
What is the action of these two forces on the particles of matter ? Does repul- 
sion or attraction prevail in solids ? In liquids, what is the state of these two 
forces ! Which prevails in gases ! On what do these forces generally depend t 
Does attraction prevail at a high or low temperature ? At which temperature 
does repulsion prevail ? How is the solid state of zinc explained I Why is %\m 
melted 7 Why is it driven off in vapor at ft high temperature I 
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Stance, the particles of wbicli repel each other, but are at- 
tracted by other substances. To this substance the name 
caloric is given. It will be convenient to consider the phe- 
nomena of heat under the following heads ; 1. lu effecU : 
2. Its distribution : 3. Its quantity : 4. Its sources. 

7. The leading effects of heat are, to enlarge the dimen- 
sions of bodies, and to reduce solids to liquidS and liquids 
to gases. These effects are designated by the terms expan^^ 
tionf liqu^action, evaporation and vaporization. The with- 
drawal of heat reduces gases to liquids and liquids to sol- 
ids ; the first is called condensation, and the second congeUt- 
tion. 

EXPANSION. 

8. All bodies^ whether solid, liquid, or aeriform, are eocpan- 
ded by heat and contracted by cold. In solids, the degree of 
expansion is usually small, and differs much in different bo- 
dies, but is greatest in the metals. Liquids expand by 
heat much more than solids. They differ, however, from 
each other in the power of expansion, and even the same 
liquid is not expanded equally at different degrees of tem- 
perature, being more expanded at a high than at a low 
temperature by equal additions of heat. Thus 10° added 
to alcohol when hot, will expand it much more than the 
same number of degrees applied to it when cold. Those 
liquids vary most at different temperatures, whose boiling 
points are the lowest. Gases expand much more than 
either solids or liquids. The great expansion of air by heat 
may be shown by filling a small phial (Fig. 1.) about half 

full of water, colored with cochineal or carmine. 
**^ ' Through the cork a tube passes nearly to the bottom 
of the phial. If the hand be applied to the top of 
the phial, the air within will be expanded and drive 
the liquid up the tube and out of the top. It will be 
necessary to cement the cork so as to be air tight. 
The expansion of substances by heat is a principle 
of great value and of frequent application. In put- 
ting tire upon wheels, blacksmiths make the iron rim 

6. What is supposed to be the cause of heat ! What name is given to this 
■ubstancet Under what four heads are the phenomena of heat arranged 7 

7. What are the leading effects of heat ? 

8. State the principle of expansion by heat. Are solids, liquids, or gases ex- 
panded most by heat ? Among solids, what bodies expand the most ? Are 
different liquids expanded equally ? Will the same amount of heat added to a 
liquid always raise its temperature in the same degree? What is said of alco- 
hol ! Which liquids vary most at different temperatures ! Explain Fig. 1. 
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a little smaller than the wheel, and then heat it red hot. 
This enlarges the rim to such a degree that it will readily 
encompass the wheeL When this has been applied to the 
wheel, it is suddenly cooled, and by its contraction binds 
the work very firmly together. 

A piano gives a higher tone in a cold than in a warm 
room, on account of the contraction of the strings ; a nail 
driven into the wall, becomes loose after a time, because 
the iron expands in summer and contracts in winter more 
than stone or wood, and thus the opening is gradually en« 
larged. For this reason, in the construction of railroads, the 
rails must not be laid too closely together ; in the arrange- 
ment of steam pipes, they must not be too firmly inclosed. 
In roofing, the zinc plates, instead of being nailed togelber, 
must overlap each other, that they may neither tear nor 
warp by alternate contraction and expansion. Gas pipes 
are laid several feet beneath the surface of the ground, that 
their joints may not be loosened by changes of tempera* 
ture. 

9. A very useful application of expansion by heat, is in 
cutting glass by a hot iron, as is constantly practised in the 
laboratory. The glass to be cut is marked with ink in the 
desired direction, and then a crack, commenced by any con- 
venient method, at some distance from the desired line of 
fracture, may he led by the point of a heated rod along 
this line with the greatest precision. If the neck of a bot- 
tle be turned around in a red hot iron rod, and 
then suddenly dipped in water up to the heated ^^8 - 2. 
line, it will be instantly taken off as smooth 
and true as if it were cut by a diamond. White 
glass bottles answer better for this experiment 
than the thicker dark colored. Hard rocks are 
sometimes broken in the same manner. A fire 
is kindled on the rock sufficient to render it nearly 
or quite red hot. Cold water is then suddenly dashed on, 
and the rock splits into numerous fragments, which are 
easily removed by wedges. 

10. In warm weather the rod of the pendulum is lengthen- 
ed, and the clock goes too slow ;' in cold weather it is shortened, 
and the clock goes too fast. To remedy this irregularity in 

How is the principle of expansion by heat applied in putting tire on wheels T 
Why does a piano give a higher tone in a coid than in a warm room f Why 
does a nail gradual!^ become loosened from a wall into which it is driven ? 
What is the method of laying rails on a railroadt What other examples are given ? 
9. £xplain Fig. 2. How are hard rocks sometimes broken?^ 
2* 



Fig. 2. 
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Fig. 3. 



Fig. 4. 



the movement of a clock, a pendulum has 
been contrived, which is called, from its form, 
the gridiron pendulum. (Fig. 3.) The shaded 
bars, it i, e, are made of ii^on : the light bars, 
bf bf of brass. During the heat of sununer 
the bars i, i, will expand a certain length, as 
to the line, a ; but the same time the bars, b, b, 
will expand upwards more than t, «', expand 
downwards, because brass expands more than 
iron. The pendulum, jp, would therefore be 
elevated instead of lowered by these two ex- 
pansions. But the bar, e, also expands down- 
wards, and therefore lowers the pendulum, p, 
to the proper distance from its point of sus- 
pension. jBy adjusting the length of the bars, 
t, if e, and b, b, to each other, it is evident that 
the compensation pendulum will keep nearly 
the same time at all temperatures. 
A still simpler compensation pendulum is thus 
constructed. The weight, p, instead of a metallic 
disk, consists of a cylindrical glass jar, (Fig. 4,) con- 
taining mercury. This glass jar is held in the ex- 
tremity of the steel pendulum rod, s, s, s, called the 
"stirrup." The same increase of temperature 
which will cause the rod, r, to descend, and become 
longer, will also cause the mercury to rise, so that 
the center of motion of the pendulum shall be at the 
same distance from the point of suspension. 

When different metals are united together, as a 
strip of iron to a strip of brass, (Fig. 5)) and expo- 
sed to heat, their different degrees of expansion 
will cause the compound bar to assume a curved 
figure. . If three strips of metal, as copper, zinc, 
and tin, be riveted only at their extremities, the 
tin being between the oth- 
er two metals, they will be 
bent into a curve on each 
side of the strip of tin. 

11. A similar arrangement 
is applied in the construc- 
tion of the balance wheel 
of a watch, (Fig. 6.) Every 



10. What evil is the gridiron pendulum designed to remedy ? Explain ita 
construction from Fig. 3. How is the mercurial pendulum constructed ? 
U. Explain Fig. 5. How is the balance wheel of a watch constructed f 



Fig. 5. 
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increase of temperature must increase the Fig- 0- 

diameter of the wheel, and consequent- 
ly greatly affect its rate of going. To 
obviate this, the cirgumference of the bal- 
ance wheel is made of two metals, the 
most expansible being on the outside. 
The. compound rim is also cut through 
in two or more places, as represented in 
the figure. The effect of this arrange- 
ment is, that when the temperature of the wheel is increas- 
ed, the rim bends inwards, as in the first part of. Fig. 5, 
towards the center^ thus compensating the expansion of the 
diameter which would carry it from the center. The center 
of gravity of the rim, therefore, remains at the same dis- 
tance from the center of the wheel, which is essential to its 
uniform motion. 

12. Wherever iron is used, in the building of grates for 
fires, in constructing iron bridges, &c., it is indispensable to 
make provision for the changes of dimensions by expansion 
and contraction. The two side walls of the Gallery of Arts 
and Measures, at Paris, having become inclined outwards by 
the great weight above, the walls were perforated on op- 
posite sides, and strong iron bars introduced. The ends of 
these bars projected beyond the walls, and were furnished 
with strong circular iron plates, fitted on so as to screw up 
firmly to the sides of the building. The bars were then 
heated, and expanded to such a degree by the heat, that the 
iron plates were separated from the walls. These were 
then screwed up to the walls. On cooling, the bars con- 
tracted and drew the walls closer together. This process 
being repeated, the walls were brought to a perpendicular 
position. 

13. By the expansion of heat, the thermometer indicates 
changes of temperature. This instrument consists of a 
glass tube (Fig. 7,) with a hollow ball, a, called the bulb, and 
a graduated scale, d. The bulb and part of the tube are 
filled with quicksilver, which by its expansions and con- 
tractions indicates the changes of temperature. To measure 
them, the scale, d, is divided into equal parts, called degrees, 
and applied to the tube. The thermometer commonly 
used m this country is called Fahrenheit's, from the fact 

12. In what works of art is it necessary to guard against the effects of expan- 
sion! What is said of the Galleiy of Arts and Measures, at Paris 1 

13. What is the object of a thermometer? Describe this instrument. By 
whom was the coounon thermometer first constructed! What process did 
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that it was first constructed by Fahrenheit, a citizen 
of Amsterdam. Fahrenheit thought that by mixing 
snow and salt he had obtained the point of absolute 
cold. He therefore called this point zero, or 0. 
He then plunged his thermometer into freezing 
water, and marked the place on the thermometer 
tube where the mercury stood. Having marked 
this point, he now plunged his thermometer into 
boiling water, and marked the height of the mercury. 
From these three points, the temperature of the 
mixture of snow and salt, that of freezing water, 
and that of boiling water, he determined all the 
divisions of the scale. From boiling to freezing wa- 
ter, he made 180 small divisions, or degrees, and 
continuing the same scale below the freezing point, 
he made 32 degrees to zero. From zero, there- 
fore, there are 32^ to the freezing point, and from the 
melting point of ice to the boiling point of water, there 

are 180^ more, or 212^ in all, from zero to the boiling point. 
14. The aelf-registerifig thermometer (Fig. 8.) is formed by 

two thermometers of different construction. A is a thermom- 

Fig. 8. 




eter partly filled with mercury. At the top of the mercury, 
m, is a small piece of steel wire, w. When the mercury in 
the thermometer expands, it pushes the wire before it. 
When it again contracts, it leaves the wire on the side of 
the tube, and thus the position of the wire in the thermom- 
eter, as at w, shows the greatest height to which the mercury 
has risen. This instrument is used to determine the extreme 
heat during the night, or other times during the absence of 
the observer. 

To ascertain the greatest cold, another thermometer, B, 
is placed on the same stand. This thermometer is partly 
filled with spirits of wine. It contains a cylinder of porce- 

Fahrenheit pursue \ At what point did his thermometer commence ! How 
many degrees are reckoned from zero to the freezing point of water! How 
many to the boiling point % 

14. What is the instrument represented in Fig. 8 called? What is its oon- 
"^ruction T 
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lain, which adheres to the spirits of wine as it contracts, and 
is thus drawn back to the lowest point of cold. When the 
fluid expands again, it passes readily through the cylinder 
of porcelain, leaving it on the side of the tube at the lowest 
point of contraction. The porcelain is restored to its posi- 
tion for a new observation, by invertine the thermometer, 
and the iron cylinder is drawn into its place by a magnet. 

15. To determine temperatures above a red heat, an in- 
strument, called jyanieYa pyrometer, is employed. In this in- 
strument a bar of iron, or platinum, is so arranged, that 
its expansions or contractions are registered, and dius very 
high temperatures may be determined, 
that brass melts at 1869®, copjper at 
1996®, gold at 2000®, and cast iron at 
27860. 

16. A metallic ball, a, (Fig. 8.) provi- 
ded with a ring, b, a little larger than it- 
self, will, when heated by a lamp, be 
supported by the ring, but when the 
lamp is withdrawn, gradually cooling, 
it will contract until it falls through the 
ring. 

In Fie. 10, a bar of metal, a, is 
provided with a handle, and fits into 
a guage, b, and also passes through 
the hole in c. When the bar is 
heated, it expands lengthwise, and 
therefore will not enter the guage, c 
b, as«at first ; it also expands in di- 
ameter, and therefore it will no lon- 
ger pass through c. If, on the other 

hand, it is cooled with ice or snow, y-^ ^^ 

it will not fill the guage, and it will \ ^ I f 

pass loosely through c, h 

17. The law that bodies expand by heat and contract by 
cold, is not universally true. The most remarkable excep- 
tion is in the case of water. A large thermometer tube, or 
bulbed glass, filled with water and placed in a cold situation, 
will show a contraction in the column of water, until it has 
reached a cold of 39®, when the contrary effect will take 

15. What instrument is used to determine very high temfieratures ? How are 
high temperatures indicated by this instrument 7 At what temperature does 
brass melt ?— copper ?— gold ? — cast iron ? 

16. Explain rig. 9. (The explanation of erery figure should consist of two 
parts ; first, the dUign ; secondly, the dtsscrq>tion. No explanation can beperfect 
where either of these is omitted.) What is the object and description of Fig. 10 1 



It has been shown 
Fig. 9. 

ft -^l 

Fig. 10. 



o 
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place. From 39® to 3S® the water will expand, and at 32^, 
m freezing, a sudden expansion will take place, so great as 
often to break the bulb of the glass tube in which the water 
is contained. 

The exception in the case of water to the general law of 
expansion and contraction, was dictated by a benevolence 
which is ever working out the highest wel&re and happi- 
ness of creation. All laws appear to be subordinate to a 
main design — ^the greatest good. So far as these laws carry 
out this design, they prevail ; and when in particular cir- 
cumstances £ey fail in this respect, they give way to excep- 
tions, or laws of a more limited character. These princi- 
ples are beautifully illustrated in the case of water, in the 
present arrangement, on account of the expansion of water 
m freezing, ice is lighter than water, and therefore floats on 
its surface. But were water to contract in freezing, ice 
would be heavier than water and would sink. In this case, 
the coating which now protects our rivers and streams from 
the extreme cold of winter, would be itself covered, and 
effectually guarded on the return of Spring against its 
warmth and that of the ensuing summer. In the next winter 
this deposit of ice would be increased, and this process, in 
successive winters, would eventually fill our rivers and 
streams with ice, destroying all the animals with which 
they are now filled, and blocking up navigation.* 

* It is commonly stated that the water of the ocean, &c., would be suddenly 
conrerted into ice after being reduced to the freezing point. We do not, how- 
ever, think this possible, as the immense amount of heat given out in oonge- 
latioD, especially where the escape of this heat was more or less retanf^, as 
beneath the surface of water, would render the conversion of the whole mass 
into ice a gradual process, and we do not see how it could take place ex- 
cept by a continual transfer of ice from the surface to the water beneath. Oa 
the other hand, the vast amount of heat given out Inr congelation could not so 
augment the general temperature as to prevent the freezing of the entire wa^ 
ters of the globe, though it would retard this effect. No cause whatever of 
heat, but a constant, unfailing source, like the sun, can produce any permanent 
change in the temperature of the earth ; for whatever heat would be added from 
any other source, as by the congelation of immense masses of water, would be 
soon radiated into the cold regions of space surrounding the earth, and a new 
supply would be in like manner radiated and lost, until sooner or later all the 
heat from this source would be exhausted. No warmer sunomer would suc- 
ceed to this immense loss of heat of congelation during the winter, and the 
second winter would cause an eaual and permanent loss of this heat, until, in 
successive winters, the effect would be accomplished of freezing the entire wa- 
ters of the globe. 

17. What remarkable exception is there to the law that bodies expand by heat 
and contract by cold? By what experiment may this be illustrated? What 
appears to be the main design of creation ? Are not general laws essential to 
this design » Are these laws without exceptions? Are the exceptions equally- 
evincive of benevolence ? Why is water near the freezing point an excep- 
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There are many liquids besides water, which expand be- 
fore assuming the solid form. Several melted metals ex- 
hibit the same phenomenon, and advantage is taken of this 
fact in the arts. The alloy of which printers' types or ste- 
reotype plates are formed, expands as it solidifies, and 
hence forces itself into every part of the mould, and copies 
it perfectly ; the same is the case with melted iron. From 
such a metal as lead, which contracts as it cools, it would be 
impossible to obtain good castings. 

18. The esspansion of vapors and ga^es is the same for an 
equal degree of heat. Not only the amount, but the rate of 
expansion, is uniform for all degrees of heat. This rate or 
amount is equal to -j^ of the volume of the gas at zero, for 
each degree of the thermometer. The 
expansion of air by heat is one cause of *^^ ' 
winds and atmospheric currents. Bal- 
loons are sometimes made to ascend by 
the expansion of air within them, and 
their x^onsequently increased levity. A 
balloon made of tissue paper, or silk, 
(Fig. 11.) is filled with heated air, which 
rises through an aperture in the lower 
part. The heat is produced by the 
flame of a sponge soaked in alcohol, 
which is suspended from beneath, and the air within the 
balloon becoming in this way rarefied, causes the whole to 
ascend, on the same principle that a cork rises in water. 

CHANGES OF 8TATB. — LIQUEFACTION AND CONGELATION. 

19. Solids are converted to liquids, and liquids to vapors, or 
gases, by the addition of heat ; the opposite phenomena of 
condensation and congelation take place with the withdraw- 
al of heat. Fusibility, or liquefaction, is a property of all 
solid bodies, although some are much more fusible than 
others. Lead and wax are easily melted, but lime and rock- 
crystal cannot be melted by the highest furnace heat. 
These substances may, however, be fused by the intense 
heat of galvanism, or by the oxy-hydrogen blowpipe. 

tion to the general law that bodies contract by cold? Are there any other 
liqaids besides water that expand on assuming the solid form I What solids 
exhibit the same phenomenon ? What use is made of this property of certain 
metals in the arts ! Why is it not possible to o btain good castings from lead ! 

18. What is the law of expansion in gases and vapors ? What effects are 
produced by the expansion of air by heat \ Why do balloons, containing heat- 
ed air, rise! Explain Fig. 11. 

19. What is said of the fusibility of bodies T 
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20. The following are tome of the most important facts 
connected with the hquefaction of bodies : 

(1.) While a solid is mdting, it* temperatwrt doesnat increase. 
Thus, if ice be placed over a fire, it will rise to a tempera- 
ture of 32*, and will remain there until every part of it is 
melted. The same is true of every solid. AH heat added 
to a body in this state, appears to be lost, as it does not 
raise its temperature. This, therefore, is called UUeiU heatt 
or that portion of heat which disappears in bodies while tJiey 
are changing their state from solids to lipids, or from liquids 
to vapors or gases. 

The quantity of heat which disappears in ice in changing 
its form to water, is 140^. This may be proved in the fol- 
lowing manner: Take two tumblers, one containing a 
pound of ice at 32^, or the freezing point, and the other a 
pound of water at 172^ Pour the water from the second 
tumbler into the first If no heat disappeared, the mixture 
would be at 102'', or midway between 172** and 32**. But 
in fact, the water poured in from the second tumbler has 
lost all its heat, ana the mingled water of both tumblers has 
the temperature of that of the first, or the mixture stands at 
32**. And still a change has been produced in the first tum- 
bler, though not in temperature, vet inform, for its ice has 
become water. The change of the water of the second 
tumbler is in temperature^ being cooled down from 172^ to 
32^, having lost 140^ of heat. This may be illustrated in 
numbers in the following way : 

1 lb. o£water{}) at 32« ) _« lbs water at 102** rM 
1 lb. of water(») at 172** / ""^ *^*- ^^^^"^ ^ ^"^ '^ ^ 

1 lb. of ice{^) at 320 ) _« „ water^M at 32** H^ 
1 lb. of water{*) at 172**(«) ] "^ ^^^ ^^^^"^^ ) a^ JxJ .( ) 

The first formula is a mixture of water(^) with water.(*.) 
The second, of tcc(') with water.(*.) In the first case, a 
mean{^) is obtained; in the second, all the heat of the 
second tumbler(®) above 32®,(') or 140**, is lost, while the 
ice(') is converted into water.(®.) 

21. Again, let there be a uniform cause of heat, as a 
brightly burning fire, which shall raise the temperature of a 
pound of water placed over it, 10** per minute. Starting 
with toater at 32** in 14 minutes, this will have a tempera- 

20. What is the first important fact connected with the liquefaction of bodies T 
How is latent heat defined ! How much heat disappears in ice in changing it 
to water t What is the first method by which this is proved 1— the second ? 
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ttite oJT 1^2° ; but with the satne quantity of fd; in the same 
time, the temperature will still be S2^, and no apparent ef- 
fect will be produced by the fire besides melting the ice. 
From these experiments it is evident, that 140° of heat dis- 
appear in changing ice to the liquid state. This is there- 
fore the amount of latent heat in water. 

22. The latent heat absorbed while bodies are converted 
from the solid to the liquid state, renders liquefaction a cooling 
process. When ice melts in contact with other bodies, it 
withdraws heat from those bodies. Thus, when placed in a 
tumbler of water, it reduces the temperature of the water, 
and this abstracts heat from the tumbler, and the whole be- 
comes cold. A small piece of ice will thus cool a large por- 
tion of water, though it floats one tenth out of the water, 
and is exposed to a draught of air on a warm summer's 
day, the tumbler itself being also surrounded by this warm 
air. When snow melts in the hand a painful sensation of 
cold is produced, and when on the feet it often causes vio- 
lent colds and other diseases. 

The amount of latent heat varies greatly with different 
substances as appears from the following table : 



Water, 


1420. 


Zinc, 49^ 


Sulphur, 


17^ 


Tin, 26\ 


Lead, 


9^ 


Bismuth, 22''. 



23. The design of this principle of latent heat is obvious. 
It is a most effectual rampart against disastrous floods, which 
would arise from the too sudden melting of snow in spring. 
It retards the advance of winter, and delays the approach of 
summer, rendering the progress of one season to another 
more gradual. It tends to give greater unifonnity to climate, 
and to prevent the alternation of warm days and sudden 
frosts, by which fruits are cut ofi' and vegetation injured, 

24. When liquefaction can be by any means hastened, the 
intensity of the cold is increased, the whole amount being 
produced in a shorter time. In freezing mixtures (^),* this 
IS accomplished by a weak chemical attraction, existing be- 
tween the materials of the mixture. Thus, the afiinity of 
salt for water, causes it to hasten the liquefs^ction of enpw, 
and to produce great cold. 

*These numbeis refer to experiments «iid iUustnttioiiS at the vfA ^ thf boo^. 

22. What is the design of the princi))Ie of latent heat | 
33. Why is liquefaction a cooling process ! How is this illustrated \ MThM 
is said of the latent beat of different substances 7 
24. What produces the intense cold of freeaing mixtures | 

a 
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25i. On the other hand^ the eongdaticn and the Uniinuium 
rf vdume of any body, will cause a portion of its latent 
heat to become sensible. Numerous olows will condense 
iron, and great heat yill be evolved. Water becomes solid 
in the process of slaking lime, and the heat given out is so 
ereat as to set fire to* light and combustible bodies. Ships 
Ireiglited with lime, are in this way sometimes set on fire. 
Sulphuric acid and water, when mingled, are condensed into 
a smaller volume, and great heat is produced. 

Ccmgdatwt^ produce^ heat by giving out the heat which is 
essential to the liquid fiwrm, when that liquid is converted 
into a solid. The freeaing of water produces heat, because 
the heat which wie latent in the water, becomes s^udble 
when the water veturas to the frozen st^e. 

VAPORIZATION AND XVAPORATION. 

26. The conversion of fluids into vapors, when perform- 
ed artificially, is called vaporization ; when it occurs natur- 
ally, evaporation. When vaporization is carried on rapidly, 
a violent agitation of the nuid takes place, to which the 
term ebullition is ajqslied. Ebullition is caused bv the for- 
mation of vapor, on the side next to the heat which rises 
through the fluid, and is succeeded by another portion 
formed in the same way, and thus the process is continued 
until the heat is removed, or the liquid is entirely con- 
verted into vapor. Water, when converted into vapor, ex- 
pands 1696 times,, alcohol 660 times, and ether 443 times. 

87. The bailing point w that temperature at which a li^id 
undergoes ebullition^ Thus mercury boils at 662** ; oil of tur- 
pentine at Sie** ; water at 212^ ; alcohol at 173° ; and 
ether at 96*. Two circumstances attend the ebullition of 
fluids which are to be particularly remarked'— 

(1.) Fluids boil at different temperatures under dtfferent de- 
grees of pressure., 

(2.) tfnder a given pressure, the ten^peratu/re ^ boUimig 
always remains the same. 

The surface of all fluids is exposed to the pressure of the 

25. What is the effect of the congelation of a body upon its latent heat X Does 
the diminution of volume produce the same effect ? Why does iroa give out 
heat when hammered? Why is heat given out in the pxocess orslakiBc 
lime ? • 

26. How is vaporization defined ? Evaporation? What is meant by the term 
ebullition ? What is the cause of ebullition ? How much does water expand 
when converted into vapor % Alcohol ? £ther ? 

27. What is meant by the boiling point ol a liquid ? What examples are given t 
What two circumstances are mentioned as attending the ebulUtion of fluidts ! 
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atmosphere ; if this be removed, they will boil at a tempe« 
rature lower than common. It is found that the boiling 
point is reduced 140^, by removing atmo^heric pressure. 
The same effect, to a greater or less extent, is produced at 
great elevations above the surface of the earth. The 
pressure of the atmosphere becomes less and less, as 
we ascend, until at the height of Moat Blanc, or fifteen ' 
thousand feet, water bpiLs at 187^, or 25^ lower than it 
does at the level. of the sea. In most inland countries, 
the boiling point is somewhat less than 212^,' on account of 
the elevation above the general l^veL Were the pres- 
sure of the atmosphere entirely removed, water would boil 
at 72^4 As in the central regions of the earth, the .ther- 
mometer is usually above this temperature, were the pres- 
sure of the atmosphere entirely removed, the whole of the 
waters of these regions would boil with violence, until a 
new atmosphere of vapor was supplied. After such an 
atmosphere had been formed, the boiling of the water would 
cease, and evaporation and condensation would go on as 
they do now, but much more suddenly, and on a vast 
scale. 

28. The principle that liquids boil at a lower tempera- 
ture under diminished pressure, is applied in the arts to ^ 
the boiling of sugar. A large boiler, or vojcuum pan, is con- 
nected, by a bent iron tube, inserted in the top, with an air 
pump, which removes the vapor from the boiling sirup. In 
the lower part of this tube, joining the air pump and the va- 
cuum pan, is a cistern pipe, to receive any of the sirup 
which may boil over. A measure cistern, stands on a higher 
level than the boiler, or vacuum pan, which holds about 
twenty gallons, which quantity of sirup is admitted at a 
time. A metallic case surrounds the lower part of the va- 
cuum pan, which is filled with steam at a pressure lower 
than that of the atmosphere, and consequently at a tempe- 
rature less than 212<^. The ordinary pressure of this steam 
is only about four or five pounds to the square inch, and its 
temperature 155°, which is found sufiicient to cause the 
sirup within the vacuum pan to bdH rapidly. Steam is also 

What is the effect of removing the atmospheric pressure from the surface of 
fluids ? Why does water boil at a lower temperature on the summit of Mont 
Blanc than at the level of the sea! At what temperature would water boil, 
were the pressure of the atmosphere entirely removed ? What would be the 
effect of the removal of this pressure upon the waters of the globe ? 

28. To what purpose, in the arts, is this principle applied ! Describe the 
process. 
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introduced within the Tacuum pan, bj several coils of pipe, 
which arrangement greatly increases the rapidity of the 
evaporation. In these pipes the steam is nsaally of a 
higher pressure and temperature, than that introduced into 
the case, at the bottom A the vacuum pan. The air pump 
is kept in constant action, by a steam engine. When the 
pressure within the boiler is about ^ that of the atmos- 
phere, the sirup boils at only 115^; when it is about •}- 
that of the atmosphere, it bods at 175^. The reason for 
boiling sirup at tnis low temperature, as well as the re- 
mainder of the process of making sugar, vfill be explain- 
ed hereafter. 

29. By increasing the pressure on the liquid, the boil- 
ing point may be raised indefinitely ; and this increased 
temperature has been found greatly to augment the sedv- 
ent potters of virater. For this reason, a strong metallic 
vessel, called Papin's Digester, in which v^rater may be 
heated under a powerful pressure, has been sometimes 
employed in dissolving hard animal substances, which can- 
not be dissolved by boiling in the ordinary way. Soups 
are sometimes prepared in this manner, and in the la- 
boratory, substances are dissolved otherwise not easy of 
solution. The expansive Jaree of water is greatly aug- 
mented when thus heated in a confined state. At a tem- 
perature of 400^, this force equals 16 times the pressure 
of the atmosphere, or about 240 pounds to the square 
inch. 

30. Under a given pressure, the temperature of liquids, 
while boiling, remains the same. This is true whether 
they are boiled with a high, or a moderate heat. The ef- 
fect of an intense fire, is only to increase the rapidity of 
the ebullition. This is owing to the fact, that water in 
being converted into steam, renders latent a great amount 
of sensible heat. When water at 32° is mixed with an 
equal weight of waixr at 212^, the whole is, found to pos- 
sess a mean between the two temperatures, or 122^ ; but 
when equal weights of water and steam are mixed, or 
an equal weight of steaiA is condensed in water at 32^, it 
raises 5*6 parts of the latter up to the boiling point, or 
through a range of ISQo. Multiply, therefore, these 180^ 

29. What is the effect of increasing the pressure on fluids ? For what pur- 
pose is Papin*s Digester sometimes employed 7 What is sbid of the expansive 
foroe of water when thus heated under pressure ? 

30. What effect is produced by an mtense fire on the ebullition of fluids I 
What is the latent heat of steam 1 How is this proved ? 
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by the 5*6 parte of water, (1800X5-6==10080,) and it equals 
1008^. Therefore, the steam has added to the temperature 
of the water in which it was condensed 1008^, or has lost 
this amount of heat at the same time with its aeriform state, 
or its change into water. Therefore, 1008^ may be con- 
sidered as the latent heat of steam. 

31. Another method gives nearly the same results. Five 
gallons of water are heated in Papin's Digester, to 400o. 
A vent is suddenly given to the steam, and one gallon 
allowed to escape in the form of steam. This sudden 
conversion c^ one gallon into steam, reduces the tempe- 
rature of the remaming four gallons to 212°. Five gal- 
lons, therefore, (incluoing the steam which escaped at 
212°,) have been reduced to 212°, and have, consequently, 
lost (400 — ^212=) 188°. Multiply this number by 
5, and 940 <^ is the amount of sensible heat lost, or that 
which has become latent in the steam. The former 
method gave 1008^, which is probably nearer the truth, 
as the latter method is not as susceptible of great accu- 
racy. 

32. The vast amount of heat which steam absorbs, is 
given out again when it is condensed. Hence the value 
of steam as a source of heat, for which it is used, in warm- 
ing apartments, in drying gunpowder, and other purposes, 
where a mild uniform temperature is required. In the 
laboratory, steam baths, of various forms, are used for 
the purpose of drying filters and other objects where ex- 
cessive heat would be hurtful. 

Fig. 12, represents a very simple and con- «, ^^ 
venient form of the steam bath. The lower 
part, a, is a common steam boiler. The up- 
per part, h, is made double ; between the in- 
ner and outer portions, a space being left for 
the steam to pass, which issues near the top, 
at the small hole, c. The space within this 
upper part, is therefore kept by the steam 
continually at the boiling point, or 212^, and filters or 
other objects placed within this,* are soon dried at this 
temperature. 

The vapors of other liquids have less latent heat than 
water, as is shown in the following table : 

31. Give the second proof. 

32. To what is the value of steam, as a source of heat, owing ? Explain 
Fig. 12. How do the latent heats of other liquids compare with that of 
water I 
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Vapor of Water, 966-924. 

Alcohol, 374-958. 

«« Vinegar, 183-438. 

" Ether, 163-998. 

" Turpentine, 123-714. 

33. Steam. All the properties of steam have been very 
carefully studied on account of its vast mechanical power, 
and its exceedingly numerous and valuable applications 
in the arts. As the description of the steam engine^ be- 
longs more properly to mechanical philosophy, than to 
chemistry, it will bo omitted in this work. (See Olm- 
sted's Natural Philosophy.) The leading properties of 
Bteam may be included under the following heads. 

1. Steam is ofdy about half as heavy as air, and the 
specific gravity cf watery vapor, or vapor produced at a 
tdmp&rature bdow the boiling point, is much less, varying 
with the temperature at which it is formed. The specific 
gtavity of watery vapor at different temperatures, is shown 
IB the following table : 



Temp. 


Sp.gr. 


(«iz being 1000.) 


320 


5-690. 




50O 


10-293. 




60O 


14-108. 




lOOO 


46-500. 




150O 


170-293. 




2120 


625-000. 





At 212°, therefore, or the boiling point of water, its vapor, 
or steam, is a little more than half as heavy as air. 

(2.) The elastic force of steam, or watery vapor, at the 
common pressure of the atmosphere, is 15 pounds to the square 
inch* This is evident in the case of steam, for when issu- 
ing from a boiler, it will force out the air from the boiler, 
Qi^firom any cylinder with which it may be connected, thus 
ovwcoming the pressure of the atmosphere, which is 15 
pounds to the square inch. This pressure is owing to the 
mutual repulsion of the particles, (p. 11.) which is caused 
by the elevation of their temperature. 

(3.) When heated in a confined situation over water, the 
elasticity of steam is very rapidly increased, and is thus 
rendered superior to any other mechanical force within our 
control. 

33. What is the first of the kading properties of steam !— the second ? 
How is this proved ! Give the third leading property of steam. 
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34. Evaporation. Natural eyaporation is that process 
by which vapor rises spontaneously from fluids. Opera- 
ting upon the entire waters of the globe, it is a most power- 
ful agent in the economy of nature. The quantity that 
rises from an acre of land, varies according to circum- 
stances. Over land covered with dry grass, in the heat of 
summer, it has been estimated at 1600 gallons, and on 
moist grounds, it has amounted in some instances, to 5,000 
gallons. A circular area of sTuno, five inches in diameter, 
lost 150 grs. between sunset and sunrise, and 50 grs. more 
before night. In this experiment, the snow was exposed to a 
smart breeze upon a house top ; an acre of snow exposed to 
a similar breeze, would lose in the same time, 66,000,000 
grains, or 11,111 pounds of moisture. During the night, 
about 1,000 gallons of water would be raised from an acre 
of snow. The ocean loses many millions of gallons hourly 
by evaporation. 

35. The circumstances most favorable to evaporation are 
the following. 

(1.) Extent of surface. This is true also in vaporization, 
or in boiling down liquids ; the vaporization of water in a 
flask, for instance, will proceed much faster when the wa- 
ter is half boiled down, than when the flask is nearly full, 
because a greater extent of surface is exposed, and the 
same water in a wide evaporating dish, will boil away 
much quicker than in a deep one. 

(2.) A free current of air. When the air rests on the sur- 
face of die fluid, that portion next to the surface of the 
fluid, soon becomes saturated, and, unless a fresh portion 
be supplied, the evaporation will be greatly retarded. But 
• if, as fast as the air above becomes saturated, another por- 
tion supplies its place, the evaporation will be rapid. In 
an open vessel, the evaporation will be much greater than 
in a flask, which exposes an equal surface of the liquid, and 
in the open air than under the cover of a building. 

(3.) Agitation. By means of this, a greater surface is 
exposed, and vapor that has been imprisoned within th9 
body of the fluid, has an opportunity of escaping. 

(4.) A dry state rf the air and an elevated temperature. A 
ceitain amount of moisture is due to every temperature, 
and as the temperature is raised, this amount is very greatly 

34. How is eTapontion defined ? What is said of its extent ! 

35. What are some of the circumstances which are most favorable to eyapo> 
imtion? What examples are mentioned under the first head! Why does a 
free current of air promote eraporation 7 Why is evaporation promoted by 
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increased. When the air is dry, the force of evaporation 
to supply the deficiency of watery yapori is very great, 
and, hke the force wiUi which air rushes into a vacuum, 
this diminishes with the supply, until, when the quantity 
due to the temperature is nearly supplied, the evapora- 
tion is very slow. The same process is observed, when 
eases are absorbed by water, or watery solutions. The 
force of absorption diminishes, till near the point of satu- 
ration it becomes very slow. 

How important is the broad expanse of water upon 
which we look with so much pleasure 1 Even the wide 
surface of the ocean, added to that of all the rivers and 
lakes, is not too great to afford sufficient water for vegeta- 
tion on land, and for copious, unfailing springs to support 
animal life. The surface of the ocean is broader towards 
the equator than in the temperate zones ; and hence, as 
well as from the greater heat of this region, a greater 
amount of evaporation is produced, and consequently much 
more rain falls on the central portions of the earth. 

36. The effects of evaporation are of the most important 
character. 

(1.) Evaporation renden talt water Jresh. Pure water 
rises from the sea in clouds, which are carried over the 
land, where they deposit their moisture. Were not this the 
case, it is evident that the vapors which come from the 
ocean would soon impart their saltness to all the wa- 
ters of the globe, and a stream of fresh water would be 
unknown, much less that great abundance of pure water 
which we now have, and which is necessary to our ex- 
istence. 

(2.) Evaporation prodMces cold. This is the great agent 
which nature employs to check the excesses of solar heat, 
since this heat itse]f is made to generate vapor with a ra- 
pidity proportioned to its intensity ; this vapor converts 
sensible into latent heat, during its formation, and thus 
maintains a perpetual check upon the violence oi the sun's 
rays. Among the contrivances of art, none is more ad- 
mirable than the governor of the steam engine, by means 
of which the flow of steam from the boiler is regulated, ex- 
actly according to its amount and pressure ; but in this con- 
agitation— by a dry state of the air, and an elevated temperature 1 What is- 
said of the importance of the ocean, and lakes, and other brood surfaces of 
water \ 

36. What are some of the effects of evaporation 1 Why is the first impor 
tant ! — the second ? How does evaporation regulate the heat of the body f 
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trolling force of nature, a power of escape is afforded to 
the heat of the earth, which increases toiik much greater 
rdpidity than the heat itself, that the moderate heat which 
animal life can endure may not be exceeded. 

Evaporation also tends to regulate the heat of the human 
system. From every part of the body, moisture is continu- 
ally given off through the pores, and a vast quantity is ex- 
haled from the lungs. Perspiration, which is greater in 
warm than in cold weather, keeps the body nearly at a uni- 
form temperature whatever be the state of the atmosphere. 
Indeed the human system has been exposed to a heat con- 
siderably above that of boiling water, without injury, so ef- 
fectually did evaporation from perspiration protect it. The 
circulation of the blood and perspiration are in continual 
equilibrium in the human system; what effects the one 
affects also, in an equal degree, the other. Violent action 
or excitement, quickens the circulation of the blood, and 
also greatly increases the amount of perspiration. 

37. Vapor of water exists in the atmosphere at all times 
and in all situations, but the proportion depends on the tem- 
perature, and is subject to great variation. If the air be 
fully charged with moisture, then the slightest reduction 
of temperature will cause a priscipitation of a portion of 
the moisture. Hence, in a warm and sultry day, a tum- 
bler of cold water is often covered with moisture, which it 
derives from the atmosphere immediately around it. Were 
the temperature of the tumbler sufficiently reduced by ice 
water, or a freezing mixture, it would always precipitate 
moisture from the atmosphere. In a clear cold day of 
winter, it would be necessary to reduce the tumbler many 
degrees below the freezing point, and the moisture would 
then be precipitated in the form of frost. The temper- 
ature at which moisture begins to be precipitated from 
the atmosphere is called the dew-point. It often be- 
comes a matter of great importance to ascertain the dew- 
point in connec- Fig. 13. 
tion with other 
experiments on 
the atmosphere. 
The principle of ' 
the cryophorus, or 
frost-bearer, of Dr. WoUaston, (Fig. 13,) is applied to the 

37. Why is • tumbler covered with moistufe in a warm day % How 4s the 
dew point defined T Explain Fig. 13.— Fig. 14. 
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instniment represented in Fig.' 14> the object of which is to 
Fig. 14. determine the dew point easilj at any 

time. The orijrinal cryophoros (f%. 
13.) consists of a glass tube, with a 
bulb at one extremity, and the other 
extremity enlarged, drawn out to a 
point, and hermetically sealed. The 
bulb contains a small quantity of water, 
the rest of the tube bemg a yacuum, or 
containing only the vapor of water. 
When the empty extremity of the tube 
is plunged into a mixture of snow and 
salt, the watery vapor within the tube 
.^. -^ is condensed, and this condensation 

/^ I N -E r gives rise to fresh evaj^ration from 

^^^^ I I Sbe water in the bulb, which being con- 

j^ densed as fast as it comes over, the evap- 

^Y oration goes on so rapidly from the 

\ l^ water in the bulb, that it is soon frozen. 

d ^^^ The dew-paifU ht/grometer (Fig. 14.) 

is constructed on this principle. The 
bulb, hf is half filled with ether; ^ is a delicate thermometer 
iokhin the tube, which dips into the ether and thus indicates 
its temperature, and that of the bulb in which the ether is 
confined. The air is excluded from the tube and both bulbs. 
On the stand is a second thermometer, which serves to show 
the temperature of the air. The upper bulb, a, is covered 
with a bit of muslin. To use the instrument, the Hquid is first 
of all transferred to the lower bulb, and the upper bulb, a, 
and the tube then contain only the vapor of ether. The 
bulb, a, is now cooled to a very low temperature ; not by a 
freezing mixture, as in the last case, but by the evaporation 
of ether, which is dropped on the muslin by which it is cov- 
ered. The vapor of ether within the bulb is in this manner 
condensed, ana this condensation in part relieving the pres- 
sure in the tube, and upon the surface of the emer in the 
other bulb, gives rise to fresh evaporation, and thus the pro- 
cess is rapidly carried on, until the bulb, ft, by the evapora- 
tion of the ether which it contains, is reduced down to the 
temperature of the dew point. This is known at once, from 
the precipitation of moisture or frost on the outside ; and at 
this point the thermometer within the bulb indicates its tem- 
perature, while the thermometer on the stand indicates the 
temperature of the air. *The comparison of these two ther- 
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mometersy tlierefore^ gives the difiereiice between the dew 
point and the temperature of the air. 

^8. Water may be frozen in the vacuum of an air pump, 
as well as in that produced by the condensation of its own 
vapor, (as in the cryophorus.) If some water in a watch 
glass, (Fig. 1^») be placed in an exhausted 
receiver, with a large surface of sulphuric '^ ' 

acid, as fast as the vapor rises, it is absorb- '^ 

ed by the acid, and tnus a rapid evapora- 
tion promoted, until the water becomes fro- 
zen. After the receiver has been exhaust- 
ed» the absorption of the watery vapor by 
sulphuric acid maintains the vacuum. 

39. The ground at night becomes a cold surface, on 
which dew is deposited, exactly as it is on a tumbler of 
cold water. The earth radiates its heat into space, and, 
receiving no more from the sun, it soon becomes cold ; iu 
this state, warm air passing over its surface, becomes chill- 
ed and deposits its moisture. This phenomenon, however, 
would take place were the air not present, for a certain 
temperature has a certain amount of moiHure due to that 
temperature^ and when the temperature is lowered from any 
eause, with or without the pressure of the atmosphere, the 
moisture is precipitated. In the same manner, vi^en the 
temperature is elevated, with or without the pressure of 
air, water rises in vapor. 

40. If a thmmometer be placed on the ground at night, 
and another a few feet above, the one on the ground will 
sink several degrees lower than the other. Some objects 
will be found, on applying the thermometer, much colder 
&an others, as a stone pavement, a clay soil, or green grass, 
than dry straw, bricks, or a sandy soil. As dew depends on 
the coofaiess of the surface, more is therefore deposited on 
young green plants, than on rocks or on the soil, and on 
larre bodies of water, as the ocean, whidi do not become 
colder at night than the air above, no dew falls. Even the 
dew-drops are economized by Nature. 

41. Clouds hinder the formation (^ dew, by reflecting 
back to the earth the heat radiated from its surface, and 

38. Explain Fig. 15. 

39. What is the cause of dew 1 

40. Why is more dew deposited on youn^ gseen plants than on the soil \ 
Why is there no dew on the ocean ? Is dew distributea without waste ? What 
examples illustrate this ? Ans. — Dew is distributed on green grass, but not on 
dry hay ; on young grain, but not on ripe crops ; on the meadow, and the 
young plants of the garden, but not on the ocean. 
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thus preventing the necessary reduction of temperature, and 
•the same effect is produced by a screen of the thinnest ma- 
terial, stretched at a little height above the ground. In this 
manner, gardeners often preserve delicate plants from de- 
struction, by the frosts of spring and autumn. Winds also 
effectually prevent the deposition of dew, by constantly re- 
newing the air lying upon the earth, before it has had its 
temperature sufficiently reduced, to cause condensation of 
its moisture. A clear, calm night, succeeding a hot day, is 
•therefore that which is most favorable to the deposition^ of 
dew, for in this case, the quantity of vapor in the air is usu- 
ally very great, and at the same time, radiation proceeds 
with the greatest facility. 

DISTRIBUTION OF HBAT. 

42. For the safety of the world there is impressed on 
heat a most powerful tendency towards an equilibrium. 
Whether commg from the sun, or produced by artificial 
fires, the heat of any particular place is no sooner increased 
above that of the surrounding medium, than the excess 
endeavors to make its escape m every way, and can be 
retained only by the greatest pains and skill, even for a 
few moments. All objects around us, are naturally of 
the same temperature, and the heat of the equator is soon 
dissipated towards the poles. By four methods heat is dis- 
tributed, — by radiation, by reflection, by conduction, and bi/ 
convection. 

43. (1.) Radiation is the emission of heat in right lines 
from the surfaces of bodies. From reflection, it differs in the 

source or origin of the heat which is emitted, which in ra- 
diation is from' within the body, but in reflection, is from 
without the body. A body radiates its own heat, and 
loses heat by radiation, but reflects the heat of other 
bodies from its surface, and therefore, sustains no diminu- 
tion of temperature by reflection. 

44. The sun and all ignited and burning bodies, afford 
the most striking examples of the radiation of heat, although 
all hot bodies, as hot stoves, steam boilers, &c., likewise 
radiate heat. 

41. How do clouds hinder the formation of dew ? — wind ? Why is a clear, 
calm night, succeeding a hot day, most favorable to the deposition of dew ! 

42. fiy what four methods is heat distributed 1 

43. How is radiation defined ? How does radiation differ from reflection ! 
Why does a body lose heat by radiation 1 W hy does it lose no heat by reflection I 

44. Mention some examples of bodies that radiate heat 1 
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45. The power of radiadon depends greatly on the fkr* 
ture of the surface. It proceeds much more rapidly from a 
rough surface than a smooth one, and from a black surface, 
than from one of any other color, and least of all, from a 
white surface. 

The following experiments performed by Dr. Stark of 
Edinburgh, show the connection which exists between the 
power of radiation and the color of the surface.' The bulb 
of a delicate thermometer was successively surrounded by 
equal weights of differently colored wool, then placed in a 
glass tube, heated by immersion in hot water to 180<^, and 
finally cooled to 50^ in cold water. The times of cooling 
were 21 minutes with black wool, 26 with red wool, ana 
27 with white wool. Similar results were obtained with 
flour of different colors. Likewise, black wool was found 
to collect more dew than an equal weight of white wool, 
other circumstances being alike. If pieces of cloth of va- 
rious colors, also a plate of a bright and one of a dark 
rough surface, be exposed during the night, in the morning 
the black cloth and the dark rough surface will be found to 
have the most dew, while upon the white cloth little dew, 
and upon the bright metallic surface, none wiU be deposited. 

46. Bodies tkeU absorb nwst heat, radiate most, although 
the amount of absorption and radiation, are not always pro- 
portional to each other. Snow melts more rapidly when 
soot or dark earth is scattered upon it, because it then ab- 
sorbs heat more rapidly from the sun. Grapes and other 
fruits ripen quicker against dark walls, than those having 
a light color, because these walls absorb heat, which they 
communicate to the grapes and the air by which the grapes 
are surrounded. If the bulb of a thermometer be covered 
successively with different colored wools, and exposed within 
a glass tube to hot water, the thermometer will rise most 
quickly when covered with black wool; more slowly when 
covered with green wool; slower still with scarlet; and 
slowest of all with white. If three tumblers be enveloped, 

45. Upon what does the power of radiation greatly depend I What experi- 
ments were performed by Dr. Stark to show the connection between the 
power of radiation and the color of the surface? Which color is found to 
produce the greatest deposition of dew ? Why is most dew deposited on % 
black surface ! Ans. — Because this radiates most rapidly the heat of th« 
earthy and, therefore, becomes colder than a surface of any other color. Why 
is no dew deposited on a bright metallic surface ? Ans. — Because this does 
not radiate the heat of the earth, and therefore does not become sufficient^ 
cold for the deposition of dew. 

46. How are absorption and radiation related to each other ? Mentbnsome 
examples showing the effect of color on absorption. 
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one with nttet fvpett another with white» and another with 
dull black paper> and all be placed in the aunt a thermometer 
will indicate that the tumbler with black p^>er, absorbs most 
heat in a given time, and that with the silver paper» the 
least. 

47. The following rules for the practical management of 
heett are deriyed from the foregoing principles. 

Far confining heat, no surface te so ejectmal at a bright 
metallic one. This adso should be as smooth as possible « 
for the minute points and edges of a rough surface dis- 
sipate the heat rapidly. Among the yanous coIoib, white 
is the best for confining heat ; hence white houses axe warmer 
in winter than those of a darker color, as the loss of inter- 
nal heat by radiation, is not so great from these as from 
other houses; they are also cooler in summer, as they 
absorb less heat, or reflect more. Pipes intended for convey- 
ing heat to distant apartments, should be bright and smooth, 
but those intended for warming a room, should be rough, 
like sheet iron. 

We may regulate our apparel on the same principles. If 
we are to expose ourselves to the sun in hot weather, white 
clothes should be selected, as white absorbs less heat, or re^ 
fleets more than any other color. If we are to continue in 
the shade, black garments are more suitable, as black ro^t- 
ates heat more than any other color. 

48. The power of absorbing heat, possessed by cloths <^ 
different colors, was tested by Dr. Franklin in the foDowing 
manner. He took pieces of cl)»th of four different colors, — 
black, blue, brown and white, and laid them on the snow, 
in the directrays of the sun. After a few hours, it was 
found that the black had sunk to a considerable depth, the 
blue not so far, the brown still less, and the white hardly at 
all. From this experiment, it was inferred that black is 
the warmest color in the sun, or absorbs the mo^ heat ; blue 
the next; brown absorbs less heat than blue; and white is 
the coolest of all the colors. In the cold days of vnnter^ 
therefore, when the heat of the body escapes most rapidly, 
a white overcoat is to be preferred, to diec^ die loss of heat 
by radiation. This color is chosen by Nature, when she 

47. What i« the fint rule for the management of heat derired from these 
prmciples t Why are white houses warmer than those of a darker color 7 
or what should pipes, intended for conveying heat, be made ?— for diffusing 
heati What clothes are most suitable for Wearinc in the sun dorins hot 
weather?~in the shade? 

48. Mention the experiments tried \sj Dr. Franklin. What is the wannest 
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wraps tiie Northern hemisphere with a mantle of snow, or 
clothes the animals of the frigid zone for the intense cold o£ 
their winters. Some of these animals even change their color 
at the approach of winter, as some varieties of the hare. 

49. Rejection is, like radiation, the emission of heat 
from bodies in right lines, but it differs from the latter, 
in the source of the heat, which is from without, or external 
to the body causing reflection. That bodies which absorb 
the most heat, must reflect the least, is evident, for all that 
is absorbed is, of course, taken from that which is reflected. 
Absorption and reflection are therefore opposite. Reflection 
and i*adiation are also opposite, for, as stated above, bodies 
that absorb most also radiate most. If, therefore, a body 
radiates more than another body, we know that it also al>- 
sorbs more, but reflects less. AH the rules given above, for 
radiation and absorption, will, if reversed, apply to reflection. 

50. Conduceion is the propagatUm of heat thromgh the sub- 
stance of bodies. This passage of heat through some sub- 
stances, is much more rapid than through others. Accord- 
ingly, bodies are divided mto conductors and non-conductors 
of heat. The former are those that conduct heat readily ; 
the latter, those that conduct heat with difficulty, or not 
at all. Among the conductors, are the metals and stones. 
Perhaps there is no absolute non-conductor of heat, imless 
the air, and some of the gases, be considered as such ; but 
in this class are included such bodies as bricks, wool, fearers, 
most of the liquids, and the eases. 

If two similar rods, one c^iron and the other of glass, be 
held in the flame of a spirit lamp, the iron will soon be too 
hot to be touched, while the glass can be held within an inch 
or two of the red-hot portion. 

51. The different conducting powers of seve- ^»f- ^•• 
ral substances, may be illustrated by little cones 
(Fig. 16.) of copper, iron, wood, &c., placed 
on a double metallic plate, which is heated by a 
lamp from beneath. The heat is uniformly dis- . 
tributed over the upper plate, by the heated air 
which rises from the lower, and is therefore communicated to 

garment for winter ! What is said of the snow and the animals of the Frigid 
Zone? 

49. How is reflection defined? How are absorption and reflection related T 
Why are reflection and radiation opposite ! 

50, How is condaction defined I What is meant by conductors and non- 
oonduetors of heat \ Mention some examples of conductors ;— some ezamplei 
of nonwaonductors. What experiment illustrates Xl^p popductinc power of iron 
Mod tks flion-condactin^ power pf flasa | 
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the bottom of all the oooeBaHke. The]ieat»liowe?er, lisesto 
die Bummits of these Gones at very dtfferent rateB. If a haD of 
wax be placed on each of these smnmitBy on the copper cone 
the wax will be melted first, and the ball will drop off; on the 
iron the next ; while on the wood the wax will remain nn- 
melted. If bits of phosphoms be placed on the cones, thej 
will be fired in the same order ot copper, iron, ice. 

If several marbles be 

"*• ^^' . stuck with wax on a 

copper wire, (Fig. 17.) 
and one end of the wire 
be held in the lamp, as 
the heat travels through the wire the marbles will drop off 
one after another. 

52. In the following table are given the relative conduct- 
ing powers of several substances, gold being 1000. 



^ 



Gold, 1000. 

Sflver, 973. 

Copper, 898. 

Platmum, 381. 

Iron, 374. 



Zinc, 363. 

Tin, 304. 

Lead, 180. 
Marble, 23-6. 

Porcelain, 12-2. 

From this table, it appears that the conducting power of 
gold is nearly three times that of iron ; that of copper is 
more than twice that of iron, while lead has not hcJf the 
conducting power of iron. Bodies not metallic, as marble 
and porcelam, are much poorer conductors of heat than the 
metals ; and fire-clay and wood, are sdll worse conductors. 
Heavy, solid wood, is a much better conductor than that 
which is light and porous. In the list of non-conductors, 
may be reckoned, dry bricks, wool, feathers, hair, fur, &c. 
It is owing to this property, that the latter are used for cloth- 
ing, and bricks in the construction of houses. The value of 
this class of bodies as non-conductors, is destroyed, or great- 
ly impaired, by the presence of moisture. Thus straw is a 
good conductor when wet, but a bad conductor when dry. 
Wet garments are unhealthy, as they carry off the heat of 
the body, and thus produce violent colds and fevers. 

53. Snow is admirably adapted as a protection to the 
earth, (1.) by its color, which prevents loss of heat by radia- 
tion ; (2.) by its non-conducting properties, as it is one of the 

51. Explain Fig. 16.— Fig. 17. 7" 

52. How do the conducting powers of gold, copper, and lead, compare with 
that of iron T What is said ot the conductin|p power of non*metallic bodiee 1 
Mention some of the non-conductors. What is the effect of moistttie on these 
bodies ? Why are wet garments unhealthj ? 
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best non-conductors ; (3.) by its light, down^ texture, which 
causes it to fall gently to the earth, imprisoning much air 
between its crystals, and leaving the earth open and po- 
rous beneath ; (4.) by its temperature, which is very mode- 
rate, compared with that which prevails during the coldest 
days of winters ; hence the warmth of the snow-huts of the 
Esquimaux, and the protection of their springs of water, 
during the intense cola of their winters. The surface of the 
earth covered with snow, is protected at the temperature of 
the freezing point, and immediately below the surface the 
temperature is much higher. The roots of plants are pre- 
served, and the fermentative processes of vegetable decay 
are carried on ; the soil thus imbibing fertility in the mid^ 
of winter, and being prepared to receive the rays of the sun 
in spring. (5.) The latent heat of snow has already been 
noticed. This adds greatly to its value, preventing inunda- 
tions, which would be produced by its sudden melting in 
spring, and retarding the too sudden approach of winter. 
The snow of winter is, therefore, not only its ornament but 
its protection, and by this in vdnter, Nature prepares the 
beauty of summer and the bounty of harvest. 

54. Convection is that method by which Fig. 18. 

heat is conducted in fluids ; it may be de- C ^ 

fined, the conduction of heat in fluids, by I I 

a motion among their particles. The com- yCZllK. 
mon mode in which liquids are heated, is ff^^^^^\ 
represented .in Fig. 18. A laim> is placed (S'fi f "^^Ttpj 
beneath a glass vessel, made of thin* glass. \ki^. '%'-\§m 
A current of hot water rises (for the parti- N^ § -[^r 
cles ^of water, being expanded by heat, be- ^^^^TS;^ 
come lighter) in the center to the top, where ^ 

it becomes cooled, and then descends on the 1^^ 

sides. This process is kept up until the whole S^ 

body of the water is heated. When the tem- %=^ 

perature of the water is thus raised to 212^, 
boiling succeeds, in which vapor> and the water which it 
carries up mechanically, rises in the center, and the remain- 
der of the water descends on the sides. 

b^. When the water on the surface of the ocean is cooled 
down lower than that beneath the surface, it descends, and 

* Thick glass cracks on the application of heat, by the unequal expansion of 
the inside and the outside ; but m thin glass, this inequality is not so great ; 
hence, vessels made of thin glass are not so apt to crack. 

53. In what ways does snow serve as a protection to the earth? 
M. How is convection defined ! Explain Fig. 18, 
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warmer portions aacend, which are cooled in the same man- 
ner. Currents also from the polar regions, flow towards 
the equatori and from the equator other currents flow to 
the northern and southern latitudes. In this way, the heat 
of the ocean is distributed throughout its mass, aboye and 
beloWf in warm and in cold latitudes. In the airi and in all 
vapors and gases, the same thing happens. The ra^s of the 
sun pass through transparent media, without aflectmg their 
temperature. Only those portions of the atmosphere, there- 
fore, which come in contact with the earth, are heated. These 
rise, and their place is supplied by colder portions, and thus 
the heat of the earth is distributed throughout the atmos- 
phere. 

56, But without this convection, or carrying pro- 
cess, the conducting power of liquids and gases is 
very small. If a test tube, nearly Med with water, 
be held over a spirit lamp inclined in such a man- 
ner as to direct the flame against the upper layers 
of the water, the water will boil at the top, but 
remain cool below. In Fig. 19. a jar of water 
is perforated at a and b, for two thermometers, 
and surrounded at c with a metalHc trouo^h. Into this trough 
boiling water is poured. After some tmie, it will be found 
that the upper thermometer has risen, while the lower has 
remained perfectly stationary. The upper part of the fluid 
is heated by convection, while the lower part can be heated 
only by conduction. 

The same principle is illustrated in a differ- 
ent manner, in Fig. 20. abcwa, tall jar, or 
wide tube ; d a ring of iron provided with a 
handle. Into a i c, a little water, colored blue, 
is poured as high as a / water not colored is 
then added as high as b, and the portion 
from b to c, is filled with a yeDow solution. 
If the ring, d, is heated red hot, and applied 
to the tube or jar between b and c, the yellow 
portion, be, may be made to boil without 
mtermingling with the colorless portion, a b. 
But if the red hot ring be lowered down, so 
as to surround the blue portion, it will, as it 
becomes warm, ascend fi rst through the color- 

52' wiT ^? **t** distributed in the waters of the ocean ?— In the atmosphere ? 
♦^K^Lrlk! ^ ;*if conducting power of liquids and gases when heat is not dis- 
S«Sf fino?"^^u^^T ^y 50J7J^^»o» ^ ^ «o^ n^ay this be shown by a test tube 



Fig. 20. 
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less stratum, and finally through the yellow solution at the 
top. If a piece of ice be suspended in the empty jar, and 
the red hot ring applied to the portion of the jar above, it will 
continue to melt very slowly, as before the ring was ap- 
plied ; but if tke ring be carried down the jar below the 
ice, it will melt much more rapidly. 

57. Air, by its non-conducting properties, enhances those 
of all other substances, and is, to a great extent, the cause 
of the non-conducting power of most substances. It not 
only surrounds all bodies on the earth, but fills the pores 
of almost all bodies. Were air, therefore, a good conduc- 
tor, snow, wood, feathers, water, and all those light bodies 
which are remarkable for their non-conducting power, 
would become conductors, and other bodies would avail lit- 
tle in retarding the escape of heat, being surrounded on all 
sides by a good medium of transmission. Our dwellings 
could not be warmed, for air entering the smallest crevices, 
and pervading the materials of which they are constructed, 
would carry off the heat as fast as it was generated. The 
smallest dew-drops, and the vast atmosphere, are formed 
with the same wisdom and benevolence ! 

58. Applications of the non-conducting properties of air, 
are seen m the construction of furnaces for heating build- 
ings, where confined air is often used to prevent the heat 
from escaping from the sides of the furnace. The common 
refrigerator, for keeping ice a long time without melting, is 
constructed with a space of confined air between the inside 
and outside. Ice houses are made with double walls, be- 
tween which is placed charcoal, fine saw dust, or some oth- 
er light substance ; or this space is occupied merely by con- 
fined air. In northern countries, the houses are provided 
with double windows and doors, and thus a portion of air is 
confined, which effectually excludes the cold. 

QUANTrrr op heat in bodies. 

59. Latent heat is observed, when bodies are changing 
their form from the solid to the liquid, or from the liquid to 
the aeriform state. But another equaUy remarkable phe- 
nomenon of heat is observed, in the amount necessary to 
raise different bodies to a riven temperature,' even without 
a change of form. This is called specific heat. It may be 
illustrated in the fi^llowing manner : 

57. "What is said of the non-condocting properties of air ? 

58. What applications are made of the non-conducting properties of air? 
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Put 88 many marbles into a riaas as it will contain. When 
the Teasel is full of marbles, add as much sand as will pene* 
trate and lodee between the marbles. Fill also another 
glass with pebbles, which will arrange themselyes in a more 
compact form than the marbles. Pour sand into the se- 
cond glass and it will be found to contain less than the first. 
In the same manner, more heat enters into some bodies than 
into others, to raise them to a given temperature. If, for 
instance, a pound of lead, a pound of chalk, and a pound of 
milk are placed in a hot oven, they will. be gradually heated 
to the temperature of the oven ; but the lead will attain it 
first, the chalk next, and the milk last. 

60. Take a pound of oil at 40^ and a pound of water at 
100<^, and agitate them together. The temperature of the 
mixture will not be the mean between the two, or 70°, but 
the thermometer will stand at 80". Reverse the experi- 
ment, and with a pound of oil at 100^ mix a pound oi wa- 
ter at 40° ; the temperature of the mixture in this case, will 
fall below the mean, and will be at 60*>. These results may 
be compared numerically, in the following way. 

■rp . 1 lb. of water, at 100°, ^ give a mixture at SO**. 
j!-xp. 1. lib. of oil, at 400(1), | Mean =70(2). 

p g 1 lb. of water, at 40°, ) give a mixture at 60O. 
j2-xp. ^. ^ j^ ^^ ^jj^ ^^ lOOO('), f Mean=70(*). 

From both these experiments it appears, that water has 
more heat at the same temperature than oil, for in the first case 
it raised the oil ( * ) above the mean (',) and in the second case, 
it sank the temperature of the oil(') below the mean(*). In 
the first instance, it heated the oil more than it lost heat itself; 
in the second, it took from the oil more than it gained itself, 
as indicated by thermometer. The first result was the loss 
of 20O by the water, and a gain of 40° by the oil ; the sec- 
ond, a loss of 40O by the oil, and a gain of 20° by the 
water. We may therefore conclude, that 20° of heat in 
water, is equal to 40° in oil, or that the specific heat of water 
is twice that of oil ; it takes twice as much heat to raise water 
to a given temperature, as it does oil to the same temperature, 

61. In forming a table of specific heats, water is selected 
as a standard. With water, other liquids may be compared, 

59. What is specific heat ? How does it differ from latent heat ? How is it 
illustrated ? 

CO. In what way may the specific heats of water and oil be compared ? How 
much more heat does it take to raise water to a given temperature than oU to 
the same temperature ? p i* * ***««* v** m/ 
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by the method of mixtures given above. In the case of a 
solid, the same method may be adopted. If a bar of cop- 
per, of a pound weight, be heated to the temperature of 
320<^, and plunged into water at 70^, when both have ac- 
quired the same temperature this will be found to be 92^. 
This stated in numbers is as follows : 

11U ^ ^oono ) 3200—920=2280(1). 

m of wiSr'^ 70O ' [ ^o" temperature,^9k 
lib. ot water, at 7U , ^ 920— 70o=22o(a). 

The copper has therefore lost 226o (i), and the water has 

gained 220 (2). Therefore, if water was 228, the specific 
eat of copper would be 22, for the water gained only 22, 
while the copper lost 228. The number of water is, how- 
ever, 1,000 ; therefore, the specific heat of copper must be 
represented by 0*096, which is obtained by the following 
proportion : 

228 : 1,000 : : 22 : 0.096. 
The power of different bodies to receive more or less 
heat, in rising to a given temperature, is called capacity for 
heat ; it differs from specific heat in this : — capacity is the 
pmoer to receive, specific heat is that received, ana these di£fer 
in different bodies. Thus in the experiment with the tum- 
blers (59,) the space between the marbles in the first, would 
represent capacity, and the sand which was poured in spe- 
cific heat ; in the second, the space between the pebbles 
would represent capacity, and the sand, as in the first case, 
specific heat. As me space and sand were less in the se- 
cond than in the first, so capacity and specific heat are less in 
some bodies than in others, but in all cases correspond with 
each other, being greater in the same bodies, and less in the 
same bodies. • 

63. If the capacity of bodies for heat is in any way in- 
creased, a corresponding amount of cold is produced. This 
increase, or dimmution of capacity, may be produced by in- 
creased or diminished pressure. In the mines of Chemnitz 
in Hungary, a column of water 260 feet high presses on a 
quantity of air in a tight reservoir. The pressure, therefore, 
is immense, being equal to 68 or 69 atmospheres, and when 
a pipe communicating with the reservoir of condensed air is 

61. In forming a table of specific heats, what is taken as the standard ? By 
what method may the specific heats of Lquids be compared with that of wa- 
ter 1 — solids ? In what manner may the specific heat of a bar of copper be de- 
termined ! 

62. How is capacity fir heai defined ? How does it differ from specific heat! 
How is this difference illustrated? 
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suddenly opened, it roahes out with extreme Telocity, in- 
stantly expands, and, in so doinff, absorbs so much heat, 
that the moisture which it holds is precipitated in the form 
of snow. In this case, the capacity of the air for heat was 
diminished by the condensation in the air chamber. Watery 
Tapor, therefore, remained suspended in this condensed 
air without loss of heat. But the moment that the pressure 
was removed, the capacities of both the air and the watery 
Tapor for heat were vastly increased, both of which would 
lose in sensible heat, in proportion as they gained in capa- 
city, and thus the Tapor, and the jet of water would be m>- 
zen, the former in the form of snow, the latter in that of ice. 

When steam issues from great pressure it does not scald 
as at common pressures, although its temperature while %mr 
der pressure was much higher than 212^. When set free, 
its capacity is so suddenlv enlarged as greatly to lower its 
temperature. The diminished capacity for heat of steam un- 
der great pressure, renders it more profitable to employ this 
kind of steam, or high steamy than steam at low pressure, or 
law iteam. Still the latter is generally preferred^ being less 
liable to accident. 

64. On the other hand, by sudden condensation, a great 
degree of heat may be produced. Fire may be produced 
by the sudden condensation of air. In Fig. 21, a is a piston 
moTing air tight in a cylinder, h. On the end of the piston 
there is a cavity, in which a piece of tinder is fastened. When 
the piston is suddenly forced down, the condensation 
Fig. 21. of the air causes so much heat as to set the tinder on 

I fire. Before better means of obtaining fire were found 
out, these instruments were used for that purpose. 
" 65. The quantity of heat which bodies contain, as 

indicated by the thermometer, is called their tempe- 
rature. This term, therefore, applies only to sensible 
heat. The temperature of bodies cannot be accu- 
rately determined by our sensations. This may be 
shown by the following experiments— «, b, and e, (Fig. 
©3 22.) are three bowls, of which, a is filled with hot 
water, h with water at the common temperature, and e with 



63. What is the effect of increasing the capacity of bodies upon their tern- 

Ssrature? How may an increase or diminution of capacity be produced? 
ow is this shown in the mines of Chemnita ? Why is the temperature of 
high steam less than that of low steam, when set free ? It high or low steam 
economical 1 Why is not high steam generally employed ^, . ,. . ^ , . 

64. What is the effect of diminishing the capacity of bodies t Explain 

%. koyr is temperature defined ? Explain Fig. 22. 
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cold water. If the left hand be placed m a, and the right 

hand in c, and, aftersome 

time, both hands be re- Fig- 22. 

moved to b, to the left i^psi^ Id 

hand, the water in b will 

appear cold, but to the 

nght hand it will appear 

warm, or even hot. 

66. A good conduc- 
tor, as a metal or a stone, 
appears much colder than 
a bad conductor, as a brick, or dry wood. A day in winter, 
when the thermometer is at 50°, feels warmer to us than 
one in simimer when the thermometer is at 60°. In judg- 
ing, therefore, of the amount of heat in bodies at common 
temperatures, we use the thermometer, and in measuring 
intense heat, the pyrometer. From these instruments we 
learn, — 

(1.) That aU bodies in the same vicinity , and not exposed 
to the direct rays of the sun, are maintained continually at 
the same temperature. Those also which are in the direct 
sunlight, as soon as the sun's rays have left, are reduced to 
the same temperature with other bodies, and the tempera- 
ture of distant regions is rendered more equal by currents 
of air, and by ra£ation and reflection of heat. 

(2.) The whole range of natural temperature is exceedingly 
snuM, compared with the extremes of heat and eddy which 
have been obtained by artificial means. More than 25,000 
degrees have been estimated, from the greatest cold to the 
highest heat yet obtained, and it is in the power of the 
chemist, by means of instruments to be described hereaf- 
ter, to produce a heat vastly more intense than this. Yet 
the range o£ natural temperature hitherto discovered, is less 
than 200 degrees. The greatest heat hitherto discovered* 
in a situation completely protected from the sun's rays, is 
that by Belzoni, in a cave in Egypt, where the thermome* 
ter rose to 120°. The greatest cold was observed in Sibe*- 
xia, where the thermometer sunk to 70° below zera One 
hundred and ninety degrees, we may therefore receive as 

66. By what two instruments is the amount of heat in txxiies measured ? 
What IB said of the temperature of bodies in the same vicinity ! How does 
the whole range of natural temperature compare with the extremes of heat and 
cold obtained by artificial means ? How many degrees of heat have been esti- 
mated from the greatest cold to the hijj^est heat yet obtained ? What is the 
renge of natural temperature hitherto discovered ? What is the greatest beat I 
i greatest cold? 
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the entire space occupied by natural heat in the scale of 
temperature. Much leas is the range which man can en- 
dure with comfort, or with prolonged life. Many of the 
islands of the sea, do not differ but 20 degrees in the entire 
year, and sometimes not more than 10 degrees. 

67. The most important circumstances affecting our sen- 
sations of temperature, are the following : 

(1.) A dry air feds much cooler than a moUt air at the 
same temperature, because it code ue by evaporation of maU- 
ture from the surface of the body. A moist air being ahready 
charged with vapor, checks the evaporation from the sur- 
face, and thus appears to be much warmer than it really is. 

(2.) Good conductors of heat, fed much colder than nonr 
conductors, because they carry of heat mere rapidly from 
the system. Thus an iron knob feels much colder than a 
wooden or glass handle. Jewellers in this way at once 
distinguish jewels from imitations, by touching them to the 
tongue. The real jewel is known by its coldness. A mass 
of rock-crystal may at once be known from glass, by pla- 
cing the hand upon it. 

(3.) A situation where the air circulates freely, is much 
comer than are others where it is still, although the thermom^e- 
ter may indicate no difference. From all bodies that are 
warmer than itself, air in motion carries off heat naore 
rapidly than still air, for new portions of air are continu- 
ally brought into contact with the warm or heated surface. 
Tms is especially true of the body, which is not only ex- 
posed to a greater amount of air, but loses a greater <][uan- 
tity of moisture when the air is in motion, and this in- 
creased evaporation cairies off a great amount of heat. 

(4.) Clothing enables us to endure the severity of winter, by 
preventing the escape of our heat. The inhabitants of the 
central regions of the earth wear little clothing, and that 
of a nature to intercept but little of the heat of the body. 
In temperate latitudes, during winter, the inhabitants clothe 
in woolen garments, which confine the heat more perfectly 
than cotton or linen ; and in more northern countries, the 
dress consists to a great extent of furs, which are much bet- 
ter non-conductors than woolen garments. 

(5.) Li all the seasons of the year, particular provision is 
made for the welfare of man. In tointer,' the congelation of 

67. What is the first caase which affects our sensations of temperature ? — 
the second 1— the thinl 1 Why does clothing enable us to endure the severity 
of the winter t How is the welfare of man consulted in the different aeaaons! 
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great masses of ice returns to l^e air vast quantities of 
latent heat. As spring advances, the melting of the snow 
keeps back (he too sudden return of sufhmer. In summer^ 
the vast amount of evaporation which takes place, reduces 
to a great degree the temperature of the air. Finally, in 
autumn, the condensation of vapor protracts the duration of 
summer, and retards the sudden coming on of winter. 

68. At a certain distance above the earth, we come to the 
region of perpetual frost. The loftiest mountains are cot* 
ered with snow, which continues the entire year, and is 
never melted. The lower limit of this region is called the 
Term ^ Congelation, This term varies in height in differ- 
ent latitudes, being about three miles at the equator, and 
descending to the general level of the earth at the poles. 
The intense cold of the air of these elevated regions, arises 
from two causes ; — 

(1.) The swtCe rays penetrate through the atmosphere with- 
out heating it. Even at the equator, the air is heated chiefly 
from the ground, which receives the heat from the sun, and 
communicates it, by contctct, to the air. This fact accounts 
for the intense heat of deserts, where no evaporation takes 
place to cool the surface, but the heat accumulates on the 
sands. When we ascend above the general level of the 
earth, as we leave the source of heat, l^e air becomes 
gradually colder, until at the height of the highest moun- 
tains we come to a region of intense cold. 

(2.) The air of these regions is greatly rarefied. This 
cause operates to increase the capacity of the air for heat 
(61.), and thus it absorbs heat from the mountains with 
which it is in contact, producing a temperature below 
the freezing point, on the same principle that snow is pro- 
duced by the sudden expansion of air in the mines of 
Chemnitz. 

SOURCES OF HEAT. 

69. The chief sources of heat are the following : 
(1.) The Sun. (4.) Percussion. 
(2.) Theinterior of the Earth. (5.) Friction. 
(3.) Combustion. (6.) Mixtui*e. 

(7.) Electricity. 

70. (1.) The sun is the great sourte of natural heat, 
and its place in the heavens is so adjusted, that were it any 

68. What is the Tenn of Congelation I To what two causes is the intense 
cold of the air of eleyated regions owing f 

69. Mention the chief sources of heat. 

5 
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{urtfaer remoTed from us, or any nearer to us than it u, 
** the world would return to its original chaos." The 
amount of solar heat is not accurately indicated by the ther* 
mometer, for we cannot place this instrument in a situation 
exposed to the sun's rays, where it will not lose most of 
the heat which falls upon it, by radiation, conduction, cur- 
rents of air, &;c. Were we able to confine all the heat 
which comes to it from the sun, we should find that this 
heat greatly exceeds what we are accustomed to consider 
as its amount. By surrounding the thermometer with non- 
conductors, it has been made to rise in the sun higher than 
237 degrees. Hence we see the reason why in warm coun- 
tries it has been considered hazardous to venture abroad 
in the open sun at noon-day, without an umbrella or some 
protection from the direct rays of the sun. 

71. (2.) A second source of heat exists in the interior 
of the earth. It is found, in sinking mine shafts, boring for 
water, &c., that, in descending, the temperature rises 1° for 
every 45 feet, or 117° per mile. If the rise of tempera- 
ture continue at the same rate, at the depth of less than two 
miles the earth has the temperature of boiling water ; at 
nine miles it is red hot, and at thirty or forty miles depth, 
all known substances are in a state of fusion. We are 
standing upon a crust, and nearly all the four thousand 
miles from us to the center of the earth, is a melted mass, 
which frequently pours forth lava from volcanoes, or rum- 
bles in earthquakes, when it comes in contact with water 
or other substances that produce violent action. 

72. (3.) Combustion is the most common and diversified 
source of heat. By his control over the process of combus- 
tion, man has arisen to his present high state of civilization. 
By this he evinces hb superiority to other animals, and as- 
serts his dominion over matter. Instinct has not failed to 
teach the lower animals all that their situation required, — 
to build dams according to the most perfect rules of archi- 
tecture, to construct nests with wondeiful skill, and to un- 
derstand and imitate man in his voice and actions ; but to 
employ the energies of heat in subduing matter, in mould- 
ing metal, in excavating rock, and in accumulating power 
which nothing can resist, is exclusively the prerogative of 
man. 



70. What is said of the heat of the sun ? 

71. What is said of the heat of the interior of the earth I 

72. >Vhat is said of oombustion 7 
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The variety and beauty of combustion may be well 
illustrated by pyrotechnic compositions, some of which will 
be found in the sequel('). 

73. (4.) Percussion produces heat on a limited scale, 
as in the hammering of iron, and in the coining of money.' 
The rise of the temperature in this case, is owing to the 
condensation of the matter in the substance which is 
pounded, and is in proportion to the degree of that conden- 
sation. A bar of metal, after it has been heated by pound- 
ing, becomes brittle, but recovers its malleability after be- 
ing heated in the fire. From this fact it is inferred, that 
the heat which was extricated by hammering was combin- 
ed with the metal, and was the cause of its malleability. 
In the percussion of steel and flint, so much heat is pro- 
duced, that the particles of steel are set on fire, producing 
what is called, " striking fire with steeL" 

74. (5.) Friction is another familiar source of heat. 
Savages kindle fires by rubbing pieces of dry wood togeth- 
er, and dry forests are sometimes set on fire by the motion 
of one limb upon another. The sides of a ship are said to 
take fire by the rapid descent of the cable, and the axle- 
trees of carriages are set on fire by rapid motion. Two 
pieces of ice have been melted by friction against each 
other in a vacuum at 32°. The water in which cannon are 
bored is sometimes heated to the boiling point by the fric- 
tion of the borer against the, metal which it cuts. All ma- 
chinery, therefore, where there is much friction, must be 
moistened or lubricated to diminish the heat. Disastrous 
consequences often ensue from inattention in this respect. 

The heat excited by friction may be classed as an efifect 
of condensation, since the surfaces exposed to friction are 
subjected to constant compression. This heat is not in pro- 
portion to the hardness and elasticity of bodies, for a piece 
of brass rubbed with cedar wood produces more heat than 
when rubbed with another metal, and the heat is still greater 
when two pieces of wood are rubbed together. 

75. (6.) The mixture of two or more substances which 
act chemically upon each other, is almost always attended 
with a change of temperature('). In all these cases, where 
heat is evolved, the mixture occupies less volume than the 
components, and the heat is owing to this condensation. In 
mixing sulphuric acid and water, the condensation may be 

. 73. What is said of percussion ! 
74. What is said of friction 1 
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made ftpparent by the method represented in Fig. 23. a is a 
tube wito a double globe. The stem and one bulb is filled 
with strong sulphuric acid, and the upper bulb with water. 
It IS now corked and inverted. The water rises 
Fig. 23. ^^ minffle with the acid, and the diminution of vol- 
^ ume will be seen in the tube. In dissolyinir salts* 
which contain a large amount of the water ot crys- 
talization in their composition, this water is set free, 
and the Yolume is thus considerably increased. The 
solution of these salts, therefore, produces cold, and 
this is one cause of the cold produced by freezing 
mixtures ; but if these salts be previously deprived 
of their water by exposure to heat, and then dis- 
solved, heat is produced, because they combine with 
a portion of the water, and the volume of the two 
becomes condensed. 

76. (7.) Electricity affords the means of exciting 
a heat as powerful as any that is known. The par* 
ticular mode in which this is effected will be de- 
cribed hereafter under the head of galvanism. 




LIGHT. 



77. This subject must be studied chiefly under Natural 
Philosophy, wnich takes cognizance of the mechanical 
means by which it is decomposed, its laws, which are chiefly 
mechanical, and the phenomena that are produced by these 
laws. A few of the leading facU and properties of light 
only belong to Chemistry. Among these are, 

(1.) Its composition. Light is not a simple substance^ but 
is made up of three kinds ^ rays. These three kinds are 
called the calorific, (Latin coZor, heat,) or heating rays ; the 
colorific, or coloring rays ; and the chemical rays. In every 
beam of light these three kinds of rays are united. The 
colorific rays are found to be seven m number, viz : vio- 
let, indigo, blue, green, yellow, orange, and red. The 

75. What ia said of mixture ! 

76. What is said of electricity? 

77. What is said of the composition of light ?— its chemical effects ? What 
are some of the effects of light in the animal kingdom ?— in the regetable king- 
dom I What is said of the bght from different bodies ? How many of the 
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method of decomposing light is entirely mechanical, and 
therefore belongs to Natural Philosophy.* 

(3.) Light produces on nuiny bodies true chemiccd effects^ 
causing an entire change of properties. It will be seen here- 
after, that two gases, chlorine and hydrogen, combine at 
common temperatures only under the influence of light; 
and when the direct rays of the sun fail upon their mixture 
in a glass bottle, they unite with explosion sufHeient to 
burst the bottle. The chemical action of light is essential 
to both the animal and vegetable kingdom. In the animai 
kingdom the effect is most apparent in changing the color 
to a darker shade. When persons are secluded from the 
light, they become pale and sickly ; when sufficiently ex- 
posed to the light, they assume a ruddy and healthful com- 
plexion. Certain animal substances, however, are bleached 
by exposure to the light. Thus the hair of children is ren- 
dered white by playing in the sun, candles are whitened by 
hanging at the windows, and beeswax is bleached by beine 
spread on ribbons and exposed to the sun. Oil is clarifiea 
by light, and woolen stu£^ are faded or bleached by a sim- 
ilar process. 

The vegetable kingdom exhibits the effects of light in a 
much higher degree. Plants that grow in the shade are 
slender, pale,^nd sickly, destitute of taste, odor, and all 
their peculiar properties. When a vegetable grows in a 
dark place near a wall, if a small opening be made in die 
wall, the plant will turn towards it, make its way out, chane;e 
its sickly hue to a lively green, and speedily acquire all its 
characteristic properties. If to that portion which still re- 
mains in the dark a light be supplied from a lamp, the same 
effect will take place upon this as upon that portion without 
tiie wall, exposed to daylight. On this principle gardeners 
secure celery and cabbage from the light, to give them ten- 
derness and whiteness. The potato, exposed to the light, 
becomes ^een, rigid, and bitter. Rose bushes that bear 
red roses m the light, bear white coses when made to grow 
in the dark. 

The art oi Daguerreotyping depends on the chemical agen- 
cies of light This process will be described hereafter, wheu 
the substances whicn are employed in it are understood, 

* See Olmated** Natanl Philosophy, where many new and beautiful •xperi- 
ments illuatrating the composition of light are described. 

primary colors are contained in the white light of biining charcoal? How 
many in the Druromond light \ Of what does the light emitted by iron, at a 
dull red heat, chiefly consist ? What is said of the light of double stars T 
5* 
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(3.) Light from diJferetU hodUg dij^ m color. Tbe 
white Hght of burning charcoal is the principal source of 
the light from candles, oils, and the iUominatiog gases, for it 
is the carbon which these flames contain that owns in the 
light, and gives intensity to the flame. This light, when 
analyzed, gives only three of the primary colors, red, yel* 
low, and green. The dazzling hgnt emitted by Hme, in the 
Dnimmond light, produces the prismatic colors almost aa 
brightly as the sun. The lisht emitted by iron at a dull red 
heat» consists chiefly of the l)lue and red rays. It is also a 
fact of great interest, that, while our sun gives white light 
to the bodies of the planetary system, there are stars or 
suns of different colors, which illumine the worlds upon 
which they shine with different colored light at different 
times. These stars are called double stars. The colors of 
two stars which together form a double star, are such that 
when united they lorm white light. 

(4.) All bodies emit light at a high heat, and many at the 
ordinary temperature. When the temperature of solid sub^ 
stances is raised to about 1000°,* they begin to be luminous 
in the day light. It requires a far higher temperature to 
render a gas visibly ignited. This may be illustrated by 
holding a piece of platinum-wire in the current of air which 
rises from a spirit lamp ; the air is not visibly ignited, but 
the wire ii^stantly becomes red-hot. Many bodies phos^oi 
resce, or give out light at the ordinary temperature. The 
diamond, when slightly heated, rubbed, or compressed, emits 
a light almost equal to that of the glow-worm. A variety 
of the sepia, found in the Mediterranean and Indian seas* is 
said, when opened, to exhibit so brilliant a light as to illu* 
minate a large room. The following fluids were found by 
Pr. Brewster to be phosphorescent when poured into a cup 
of heated iron ;— e,lbumen (white of an egg) diluted with 
water, isinglass in solution* saliva, soap and water, solution 
of rhubarb, common salt or nitre, tallow, alcohol, oil of diH* 
seeds, and oil of cloves. 

{Several plants have been observed to be luminous in the 
dark. But the finest example of phosphorescence is that of 
the ocean. Here the waves that surround the ship are illu< 

* There b considerable differenoe in the temperature of ignitioii among 
■olid bodies. Metals generally become luminous at a lower temperature thaa 
other bodies. 

What takes place at a hish heat in all bodies, and at the ordinarr temperature 
in manv t what is said of the ignition of gaseous bodies ? Mention some 
examples of phosphorescent bodies. 
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minated, as far as the eye can reach, with innumerable bright 
ffiDOts of light rising to the surface and again disappearing, 
Ime a host of small stars dancing and sparkling on the bo- 
som of the sea. Sometimes, also, large globes of fire are 
seen, mostly at a great depth, shining through the water, 
then rising rapidly to the surface and flashing a bright spark 
of light, so brilliant as almost to dazzle the eye, and again 
they float along, disappearing gradually with the dark wa- 
ter in the distance. All this light comes from animalcules, 
for, after being caught in vast numbers, they have continued 
to give out light. 



GALVANISM. 

ELECTmCITY OF CHEMICAL ACTION. 

78. Conmion electricity and magnetism are generally pro- 
duced by mechanical means, and therefore belong to Natural 
Philosophy. Galvanism, including electro-magnetism, is 
generated by chemical agency, and therefore comes under 
Chemistry. 

In the year 1790, Galvani, a professor at Bologna, in 
Italy, observed that the freshly prepared legs of a frog were 
convulsed the moment they were brought within the influ- 
ence of a powerful electric machine in action. From this 
experiment arose the science which, after Galvani, is called 
galvanism, by means of which the constitution of the crust 
of the earth has been determined, and the science of chem- 
istry has been revolutionized. 

79. This primitive experiment maybe shown 
by the apparatus represented in Fie. 24. Strips of 
two different metals, one silver and the other zinc, 
are made to grasp the thigh of a grasshopper re- 
cently killed. One of the metals is curved above, 
and when this is brought into contact with the 
other metal, the leg of the grasshopper is extend- 
ed, and again contracts on separating the metals. 

When the same apparatus is applied to the thigh 
of a frog, as in Fig. 25, and the two metals are 

78. From what experiment did the science of {alraiUBiiicomineikoe? When 
iras this experiment diacovered t 

79. Explain Fig. 24.— Fig. 25.— Fig. 26. 



Fig. 24. 
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brought into contact, the legs of the frog are thrown out 
into Uie position representwl by the dotted lines. When 
introduced into a tumbler of water containing a leech or 



Fig. 2a. 




small fbh (Fig 26.), if the metals 
are brought on each side of the 
animal, and their contact above 
completed, the leech or fish is 
instantly disturbed, and endeav- 
ors to escape from its position 
in the course of the current. 

80. Volta, a pupil of Galvani, 
first attributed these phenomena 
to their true cause— the contact 
On this 



Fig. 26. 



of different metals, 
principle he arran- 
, ged a series of two 
' different metals, as 
represented in Fig. 
27, with cloths wet 
with a saline or 
acid solution be- 
tween them. In 
this arrangement 
the copper, c, and 
the zinc, z, alter- 
_ nate, and between 
\^c :; the metals are pie- 
Vces of cloth or 
pasteboard, and the pile commences with z, or 
zinc, and ends with c, or copper. On connect- 
ing the wires at the two ends, a current of elec- 
tricity flows in the direction of the arrows. If the 
wires are separated, and one hand be placed on 
one end of tne pile, and the other on the other 
end, a shock will be felt This apparatus^ is 
called, after its inventor, the Voltaic pile, 

81, The discovery of Volta w^ announced in 
1800. Since that time other forms of apparatus 
have superseded this pile, and yet the principle 
on which they are constructed has remained the 
same. This principle is, that when ttco dissimilar 
metals are bratight into contact vnth an acidf or sor- 




Fig. 27. 




80. Who first attributed theM phenomena to their trae cause 7 Explain 
Fig. 27. 



OENBBAL PRINCIPLES AND LAWS. 



53 




line salutianf a current of electricity u produced. The sim- 
plest illustration of this priDciple is made by two slips of 
metal, z and c, (Fig. 28.) one of zinc,, and the other of cop* 
per, and a glass of acid water. If z and c be 
placed in the solution, as long as they do not 
touch each other no action is excited. But if 
they are brought into contact at the top, then a 
current is established in the solution from z to 
c, in the direction of the arrow, «, and out of , 
the solution in the direction of the arrow, h. 
The current may be considered as starting from 
2r, passing to c, in the direction of the arrow, a^ 
ascending c to the point where the two metals 
touch eadi other, and then descending z to the point from 
which it started. The metal, z, is usually amalgamated vnth 
mercury t which has the effect of counteracting any impuri- 
ties which may be present. These impurities cause the 
different parts of the zinc to be dissimilar, and hence much of 
the galvanic action is expended between these dissimilar 
portions of the zinc plate, and so much is taken from the 
current which passes to the copper, and through the entire 
circuit. Amalgamation with mercury renders the surface 
more uniform, and thus increases the current which goes 
from the zinc to the copper. 

82. If z and c be placed in an upright po* 
sition, as in Fig. 29, then there will be no com- 
munication, and the current will not flow | 
until they are united by two wires, as i^;, ir, 
which are soldered to each of the metals 
z and c. When the wires touch, the commu- 
nication is completed, and the electrical cur^ 
rent begins to now. The plate of zinc, jzr, is 
called the zinc, or negative pole, and the cop- 
per plate, c, the copper or positive pole of the 

battery. These terms are continually referred to in descri- 
bing galvanic processes, and, therefore, should be thoroughly 
understood. 

83. To render the effects of galvanic action more power* 
ful and striking, galvanic batteries have been constructed* 



Fig. 29. 




81. When was the disooFery of Yolta first announced ? What is said of the 
gaWanic apparatus made since that time T What is the principle of all these 
forms of apparatas ? Explain Fig. 28. What is the effect of amalgamating 
line? 

82. Explain Fig. 29. What is the zinc, or negatire pole, in this figure ?^ 
copper, or positive pole ? 
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These batteries are only a combination of plates of two dif- 
ferent metals, on the same plan of alternation of metals, but 
differing from each other in form. 

Yig, 30. One of these batteries, first con- 

structed by Dr. Hare, of Phiia- 
I delphia, is called the defiagraior^ 
from the energy with which it 
deflag^tes or bums the metab 
and other combustible substances. 
This form of battery is represented 
in Fig. 30, where a single coil of 
zinc rests on the exterior cylinder 
of copper, by three wooden sup- 
ports. The interior cylinder is 
also of copper. Great power is 
obtained in batteries of this form 
by multiplying the coils of copper 
and zinc. In a battery constructed for Yale College, tnere 
were nine hundred members, or pairs, of copper and 
zinc. A great variety of effects may be produced by this 
battery, of which one of the most interesting is the burn- 
ing of charcoal points, where an arch of flame of the 
brightness of the sun is formed, sometimes six inches in 
length. 

84. Among the effects of galvanic batteries, are the fol- 
lowing : 

(1.) While the zinc of a battery in action is corroded, the 
copper is not acted on in the slightest degree. This fact 
proves that the origin of galvanic action is the unequal corro- 
sion of metals hy a common fluid. The design of employing 
different metals in the constmction of batteries, is to favor 
this unequal corrosion. 

In whatever manner two dissimilar metals are united, 
this unequal corrosion will take place when they are im- 
mersed in an acid solution. Thus, if a plate of copper be 
fastened by any method to a plate of zinc, and both be 
plunged in an acid mixture, the zinc will be corroded rrkore 
rapidly from its union with the copper, than it would have 
been alone, while the copper will not be acted on by the 

83. What are galvanic batteries t What is their design ! What is the bat- 
tery represented in Fig. 30 called ? Describe this battery. 

84. what is J he first of the effects of galvanism mentioned! What is the 
origin of galvanic action? What is the design of employing different metals 
in the construction of batteries ? What effect will be produced on a plate of 
zinc, if it is united with a plate of copper, and both are plunged in an acid 
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fluid. Iron may in this way be protected from coiTosion. 
If a polished plate of iron be attached to a plate of zinc, and 
immersed in a weak solution of hydrochloric acid, the iron 
will remain untarnished, though if plunged alone in the 
dilute acid, it will be acted on immediately. On this princi- 
ple is founded the method oi galvanizing iron. Iron is cov- 
ered with a coating of zinc, and as long as a particle of the 
zinc remains, the iron will not be acted on. Hence galvan- 
ized iron is of gi*eat use in covering objects which are 
exposed to the weather, and in other situations where com- 
mon iron would soon be rusted. 

The copper sheathing of ships might be protected in the 
same way ; but the gradual corrosion of the copper is found 
necessary to prevent hamacles, and other animals of the 
sea, and sea-plants, from fastening to the bottom and sides 
of ships, and impeding their progress. This principle is, 
however, applied to the manulacture of life-boats, which are 
made of galvanized copper. 

That galvanic action is produced by unequal F*«- 31' 
corrosion, is shown by the arrangement repre- ^^^^ 
sented in Fig. 31. A is a jar filled with nitrate \~ ] 
of copper to a, and then with dilute nitric acid |Eg 
X,oh, C D is a slip of copper which is immersed li ||^ 
in both solutions. The part is dissolved by the I i i 
nitric acid, but the part D being in the solution i i J 
of nitrate of copper, is not acted on. This une- ^^tm 

?ual action causes a current to flow from C to p^ 
), which deposits metallic copper at D, as will ^M— 

be explained more fully hereafter. ' 

As tin is not as easily acted on as iron, in tinned iron, or 
tin plates, the iron corrodes faster because it is united with 
the tin ; but the tin being on the outside, the action cannot 
take place except where it has been worn ofi*, or the iron 
uncovered in some other way, as around nails that are 
driven through the tin, or on the edges. 

85. (2.) Ignition may be performed in a splendid manner 
by a powerful galvanic battery. On connecting the ends of 
such a battery by fine metallic wires, these conductors be- 
come intensely heated and emit a vivid white light. 

Bolation ? How may an iron plate be protected from corrosion ! In what way 
is galvanized iron prepared ? Where is galvanized iron employed? Why is 
not the copper sheathing of ships protected in this way ? What kind of boats 
are made ut galvanized copper ? £xplain Fig. 31. What is said of the corro- 
sion of tinned iron, or common tinned plate ? 

85. What is the second effect of galvanism ? How is ignition by galvanism 
performed! 
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86. (3.) ComhuiHoH, — ^If the wires be sufficiently fine, or 
the communication be made by means of metallic leaves, the 

Fig. 32. metals bum with vivid scintilla- 

tions. This is represented in Fig. 
32, where a piece of leaf metal 
(gold leaf, silver leaf, tin foil, &c.} 
is attached to the positive vnre, p, 
and the negative wire, n, is con- 
nected with a metallic cover* 
which has been brightened, for the time, with mercury. 
When the leaf metal is brought into contact vnth the pol- 
ished surface, it burns with a vivid light. Gold emits a 
vivid white light, inclining a little to blue; silver a vivid 
green; zinc a bluish white flame. If the galvanic current 
be made to pass through gunpowder, phosphorous, or a 
mixture of hydrogen and oxygen gases, they are inflamed. 
Alcohol, ether, and turpentine, may be inflamed in a similar 
manner, or by suddenly breaking the contact of the wire 
with the fluid, while the galvanic current b passing. 

87. (4.) DecompositioTis are produced by galvanism. If the 
ends of two platinum wires, connected with the battery, are 
placed in water slightly acidulated to improve its conducting 
power, a stream of gas will be seen to rise from each. If now 
glass tubes, as two large test tubes of equal size, are placed 
over the wires where 3ie gas is rising, they will collect this 
gas. One tube will be found to collect twice as much as the 
other, and on examining the gas in this tube it will be found 
inflammable, while that collected in the other tube wili 
not be inflammable, but will support cmnbustUm with great 
energy. From these different properties of the two gases, 
one is known to be hydrogen, and the other oxygen ; both 
of which vdll be described hereafter. The inflammable 
gas or hydrogen, in water, is found by this method to be twice 
tn volumet the supporter of combustion, or the oxygen. 

Galvanism is one of the most important agents of decom- 
position which the chemist possesses, and by this he is ena- 

* Like the tin corera which are made for glass jars. 

86. What is third effect of galvanism T How is this produced ? Explain 
Fis. 32. What light is obtained from the combustion of gold ?— silrer ?— sine I 
What effect is produced when the galranic current is made to pass through 
gunpowder, phosphorous, or a mixture of hydrogen and oxygen gases t How 
may alcohol, ether, and turpentine, be inflamed T 

87. What is the fourth effect produced by galranism? In what way may 
water be decomposed by the galvanic current T What will arise from its de- 
composition ? Ans.— I'wo gases. How will these gases compare with each 
other in properties t — ^in volume ? 
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bled to investigate the composition of a large class of bodies, 
with great facility. 

88. In all cases of galvanic decomposition, one of the ele- 
ments of the body undergoing decomposition is found at the 
negative polC) and the other at the positive pole of the bat- 
tery. In the decomposition of water, for example, the oxy- 
gen is found at the positive pole and the hydrogen at the 
negative. Bodies are, therefore, classed into electro-posi- 
tive, or those which go to the negative pole of the battery, 
and electro-negative, or those which go to the positive pole 
of the battery, the poles being supposed to attract bodies of 
opposite electricities, as in all other cases of electrical at- 
traction. 

The terms electro-positive and electro-negative are for the 
most part relative, for most substances are electro-positive 
with regard to one class of bodies, and electro-negative 
with regard to another class. Oxygen, however, is always 
electro-negative; all other bodies are, therefore, electro- 
positive with regard to oxygen ; that is, when their com- 
pounds with oxygen are decomposed, they are found at 
the negative pole of the battery, while oxygen is found at 
the positive pole. 

89. When metallic solutions are decomposed the metal is 
deposited on the negative pole. This is applied in the pro- 
cess of electrotypingy or the process of depositing metals by 
a galvanic current. This process may be illustrated by the 
following experiment. 

With the poles of the battery, connect two polished 
plates of metal, as iron or copper. Suspend these m a di- 
lute solution of sulphuric acid. If the battery is in opera- 
tion it will be seen that one of the metals will be tarnished 
almost instantly, while the other plate remains bright. This 
must be owing to a different action on the two plates, for 
both are in the same solution ; the acid acts on one and doei 
not act on the other. The one that is acted on will be 
found to be always the one at the positive pole, and the 
plate not acted on the one at the negrative pole. The ac- 
tion of the sulphuric acid on the plate at the positive pole, 
produces sulphate of copper, as. will be shown hereafler. 
This is dissolved in the solution, and when the latter in this 

88. What are elcctroposHive ()odie8 ?— electro-negatire bodiea t Why an 
these tenns chiefly relative ? What body is always electro-negative t What 
are alt other bodies with regard to oxygen t 

89. When metallic solutions are decomposed, where is the metal deposited? 
What is meant by the process of electrotyping ! By what experiment is this 

6 
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way becomes charged, then a new operation will be ob- 
aerved. Metallic copper will begin to be deposited on the 
plate at the negative pole, the plate which hitherto had 
Deen unaltered. 

By this process a solution of sulphate of copper has been 
formed, but it is usual to commence with making the solu- 
tion by dissolving the salt itself. Then, on immersing the 
two poles of the battery in the solution, a deposition of metal 
takes place at once; at the same time, as in the former 
case, tne metal at the positive pole is continually dissolved. 
•The metal, therefore, at this pole is changed into sulphate 
of copper, and at the negative pole the sulphate of cop- 
per is changed into metallic copper, which is deposited 
on the metallic plate at this pole, and the sulphuric acid. 
Met free from this decomposition of the sulphate of copper, 
travels over and attacks the plate' at the positive pole. Thus 
the latter plate becomes continually smsJler, while the plate 
at the negative pole is continually increased by fresh 
depositions of metal. The solution is kept charged with 
sulphate of copper as long as the copper plate at the 
positive pole remains. All other metallic depositions by 
galvanism are made on the same principle. If copper is 
to be deposited, a solution of a salt of copper is employed, 
and a piece of copper at the positive pole to keep up the 
strength of the solution. If silver is to be plated, a silver 
solution is employed, and a silver coin or^ther piece of sil- 
ver is placed in the positive pole. To plate gold, in like 
manner, a solution of gold is used with a piece of gold at 
the positive pole.(*) 

90. (5.) Magnetism is produced by galvanic action. Elec- 
tro-magnetism has recently grown almost to a distinct sci- 
ence of great interest and great importance, particularly in 
its application to the Electric Telegraph. As the principle of 



protess illastrated ! At which pole is the metallic plate which is acted <m T 
What does the action of the sulphuric acid on this plate produce ? What takes 
place when the solution becomes charged with sulphate of copper! What is 
the usual method of commencing the electrotype process ! What then takes 
place on immersing the two poles of the battery f Why is the solution kept 
continually charged with sulphate of copper, notwithstanding this is continually 
decomposed and metallic copper deposited on the negative pole t Ans. — Be> 
cause sulphate of copper is continually formed at the positive pole, as fast as it 
is dec<Mnpo8ed at the negative pole. How is this accomplished t Ans. — ^The sul- 
phuric acid which is set free by the decomposition of the sulphate of copper at 
the negative pole, travels over to the positive pole and there corrodes the copper 
wire, or plate, forming with it sulphate of copper. When silver is to be plated, 
what solution is used ? What is placed in the positive pole! Why is a piec« 
of silver placed in the positive pole T How is gold plated T 
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the telegraph and its different varieties arc fully descrihed 
in natural philosophy,* it will not he necessary to repeat 
that description in this work, although this instrument has 
relations also to chemistry. As its construction and mode 
of action are entirely mechanical, it is allied to natural phi- 
losophy ; as the galvanic fluid hy which it is put in motion, 
is generated hy chemical agents, it might he described 
under chemistry .(*) 

91. The different forms of galvanic batteries are found to 
produce very different results. If we take a square foot of 
copper and a square foot of zinc and place a wet cloth be- 
tween them, we shall have a battery which cannot give 
shocks nor decompose water, but which will cause a fine 
metallic wire to become white hot, and even to fuse. If 
again, we take a square foot of copper and another of zinc^ 
and cut each into 144 plates an mch square, and arrange 
them with similar pieces of cloth, as in the Voltaic pile, the 
instrument will give shocks and decompose water rapidly* 
From the same quantity of metal, therefore, two species of 
battery may be made ; one consisting of 9^ few plates with a 
large surface^ and the other of a great number of small plates, 
or plates with smaU surface. The former produce greater 
magnetic and heating e£fects» and are called 
quantity batteries ; tne latter are more pow- 
erful in giving shocks, decomposing water, 
&c., and are called intensity batteries. The 
deflagrator, already described (83.), is an 
example of the first kind of battery. 

92. Smee's battery (Fig. 32.) is an exam- 
ple of the second. It consists of a plate of 
platinized silver, or platinizedt platinum, S, 
on each side of which are placed parallel 
plates of amalgamated zinc, Z Z. t/7 is a strip 
of wood long enough to extend over the rim 
of the tumbler. To this strip of wood the 
zinc plates are firmly attached by means of a 
metal clamp. One of the poles, z, rises from 

* Olmsted's Natural Philosophy. 
^ t Plates on which platinum is precipitated in the form of a black powder. 



Fi«.32. 




90. What is the fifth effect of galvanism ! 

91. What is said of the different forms of galvanic batteries? What an 
quantity batteries \ What effects do they produce \ What are intensity bat- 
teries? For what effects are these batteries adapted ? To which class does 
the deflagrator belong ? 

92. To which class does Smee*s battery belong ? Explain Fig. 39. 
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this clamp and is therefore connected with the zinc plateo 
by a metallic communication. The other pole, S, passes 
through the wood and is connected with the sUver. The 
wood serves to insulate the two poles from each other. 
These poles have screws for attaching wires. 

93. Grove's battery, a section of which is exhibited in 
(Pig. 33.) is employed where great power and intensity are 

required. Z is the cylinder of zinc ; c is a cup 
made of porous earthemware; pia b, strip of pla- 
tinum. The porous cup is filled with strong ni- 
tric acid and into this the platinum is placed. The 
glass cup is filled with dilute sulphuric acid and the 
cylinder of zinc is let down into the sulphuric acid. 
To use this battery, first fill about half full the 
gl(us cup or tumbler, a, and let down into the solu- 
tion the zinc cylinder. Within the zinc cylinder 
let down the porous cup containing nitric acid. 
This will cause the sulphuric acid to rise, so as 
nearly to fill the tumbler* Finally, place in the 
nitric acid the strip of platinum, connect the poles, 
and the galvanic action will commence* 

94. Daniel's battery is another common form of the gal* 
vanic battery. It consists of a copper cylinder c, (Fig. 34.) 
into whioh a solution of sulphate of copper is poured. W ithin 

this is a second cylinder, jp, of porous earthem* 
ware filled with dilute sulphuric acid, into which 
an amalgamated zinc rod, z, dips. From the cop* 
per and zinc project rods, r, r, terminated in bind* 
vag screws by wnich the polar wires may be con- 
nected. 

95. Each one of these batteries has its peculiar 
advantages, and the object to be accomplished 
determines which one shall be employed. With 
the defiagrator. Grove's, and Daniel's, all can 
be accomplished that is desired ; the deflagrator 
for magnetic purposes, Grove's for chemical de* 
compositions, and Daniel's for gilding and electrotype pur- 
poses. If, however, only one can be purchased, the simple 
form ?of the deflagrator, represented in Fig. 30, will be found 
the most convenient. 

93. Explain Fig. 33. How is Grove's battery prepared for use ? 
04. Explain Fig. 34. :, . , 

95. Mention the pecoliv ftdvantages of the deflagrator* OroTo's, and Daniers 
batteries 1 
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LAWS OP CHEMICAL AFFINITY. 

96. (1.) Affinity taJces place only between hodie»afa differ^ 
ent nature, ThU follows from the definition qf affinity^ (se^ 
page 11.) (•) 

(2.) Bodies most opposed to each other in chemical proper* 
ties, evince the greatest tendency to enter into combination, ThQ 
converae of this proposition presents this principle in a luore 
striking light, that bodies whose properties are most alike, man* 
ifest the least attraction. It will be shown hereafter that ma^ 
ny of the gases, as oxygen, chlorine, iodine, &c., are very 
much alike in their properties ; these bodies have far leas 
attraction for each other than they have for hydrogen and 
the metals, the properties of which are totally di6similar.(') 

(3.) As a general rule, simple bodies unite with simple, and 
compound bodies with compound, 

(4.) All solid bodies which have many pores, and const' 
quendy much surface, attract fluids and gases, A piece of 
charcoal the size of a walnut is intersected by many hundred 
partitions,- which, if they could be placed by the side of 
each other, would cover a space a thousand times larger 
than the piece of coal itself covers. The force of attraction 
of this large surface is so powerful, that the coal can absor^ 
from 80 to 90 times its own bulk of manv kinds of gases. It 
18 very probable that these gaaes, by this compression into 
60 or 90 times smaller space within the coal, become fluid 
or solid. 

^5.) .^nity takes place only between the minute particles 
of bodies. Two bodies which have a strong affinity for each 
other will not act on one another while in the solid mass, nor 
even in a state of fine powder, except in a few instances. If 
one of these be in solution, the action will take place readily, 
but it will be most vigorous when both the ingredients are 
in solution. Minute division, therefore, favors the action 
of affinity; on the other hand, cohesion opposes it.(^) In 
some cases it is sufficient to heat one of the solid bodies till 
it softens ; thus iron, surrounded with charcoal and heated to 
whiteness, is slowly penetrated by the charcoal. 

(6.) Affinity takes place not only between two, but also be^ 
tween three, four, or any number ^ bodies Ji^) 

96. What is the first law of chemical affinity 7 Whence is this law derived ? 
What is the second law of a^ity ? How is the converse of this propositiom 
stated f What is the third law of affinity ? Is this law universal t^Ans. 
There are some exceptions, but it is true in the great majority of cases. What 
is the friuth Iftw of affinity I What example is given 7 What is the fifth ]nw 
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(7.) The eampoimdgjormed hp afimUy pouen mew ptroper' 
tieg^ different from thou of the amstiiuetU hodiet. Almost 
all Aubstances we meet with famish illustradons of this law, 
beinff very different in their nature and appearances from 
the elements of which they are compoaed: W ater, our only 
safeguard against fire, contains the most inflammable of all the 
elements united to the greatest supporter of combustion ;-— 
to a body in which even iron ana other metals bum with 
great energy. Our table salt is composed of corrosive and 
poisonous ingredients, and the same elements that form nitric 
acid, which will destroy the firmest parts of the body, form 
also, in another proportion, the atmosphere we breathe. In 
preparing medicines it is unsafe to infer that the compounds 
will possess the aggregate virtues of the simples, since by 
the action of affinity, the most harmless elements sometimes 
form compounds that are corrosive and poisonous, while 
others that are most corrosive and poisonous render each 
other inert and harmless.(^^) 

(8.) Bodies have different degrees of affinity frjr each other. 
This principle is implied by the second law already given. 
It is introduced under this head for further illustration, and 
on account of its relation to the laws which follow. 

In some cas^ the elements of a compound body are so 
strongly united, that they can scarcelv be separated by 
any means in our power; in other cases the union is so slight, 
that it is easily overcome, and sometimes even a spontane* 
ous separation occurs. Between these extremes, attraction 
exists in many different degrees of strength. Upon this law 
depends the whole art of decomposing bodies ; for when two 
bodies, A and B, are united in a compound, we have only to 
find a third body, C, which has a stronger attraction for one 
of them than they have for each other, and it will effect their 
separation, and we shall have a new compound which may 
be represented by A and C, B having been excluded. 

The foregoing is the simplest case of decomposition. A 
more common mode is that called dovhle decomposition, A 
is composed of two elements; B is also composed of two; to- 
gether there are four elements, and these elements act on 
each other independently of their previous relations to the 
compounds A and B. If numbers 1 and 2 belonged to A, 
and numbers 3 and 4 belonged to B, then 1 of A will take 

of affinity 1 Mention some examples. What is the sixth law T— seventh ? 
Wh^ examples are given ! What is the eighth law ? What is said the strength 
of affinity in some cases I How weak is it in other icstances ? What depends 
upon this law ? How is this illustrated ? What illustration of douUe decom* 
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3 of B and form a new substance C. And 2 of A will take 

4 of B and form a new substance D. We have therefore 
tbe following formulas ; — at first 1-4-2= A ; 3+4=8 : aJUr 
double decomposition, 1 + 3=0 ; 2 + 4=D. C and D are en- 
tirely different bodies from A and B. 

DoubU decompositions prevail where simple decompositions 
could not he effected. Thus, in the last example, unless the 
elements which we have numbered 1, 2, 3, 4, were all pre- 
sent, in most cases, no decomposition could be effected. It 
would appear that if 3 were uncombined with 4, or if it was 
bound by no affinity whatever to 4, that, being free, it would ' 
act with more energy in decomposing the compound 1+2 or 
A, than it would in its combined state. But this is not the 
fact. When united to 4 it may effect the decomposition of 
1+2 when, separately, it would not have alterea this com- 
pound.*(^*) 

(9.) When a body. A, comlnnes with differ&nt quantities of 
another f B, all the higher proportions ofB are in a simple ror- 
tio to the lowest. Thus if there are several combinations of 
the same bodies, A and B, and if in the first the quantity of A 
be just equal to that of B, then in the next higher it will be 
just tvnce, thrice, four times, &c., that of A.(^') 

(10.) The most important law of ChemisUy is that which 
is called the law of equivalent proportions. It may be thus 
stated : When a body. A, unites tmth other bodies, B and G^ 
the proportion to which A unites toith B and C, will rq^resent the 
proportion in which they toiU unite with each other. Thus, hy- 
drogen will imite with carbon in the proportion of 1 to 6, 
and with oxygen in the proportion of 1 to 8. Therefore 
carbon and oxygen unite with each other in the proportion 
of 6 to 8. 

(11.) The preceding law relates to simple bodies ; the law 

* This may perhaps be accounted for in the following way. Upon the com- 
pound 1 -}-2 two attractions may be supposed to operate at the same time, viz. 
that of 3 for 1 to form the new compound l-{-3, or C, and that of 4 for 2, to form 
the new compound 2-|-4« or D. N ow the sum of these attractions acts to resolre 
A, or the compound l-{-2, and this evidently with greater power than either the 
attraction of 3 for 1, or 4 for 2 separately, and therefore a decomposition is ef- 
fected by the united, which would not have been effected by the single attrac- 
tions. 

position is given T How do the new compounds, C and D, compare with the 
first A and B ? Are single or double decompositions most powerful ? How 
is this illustrated 1 What is the ninth law ot affinity ! How is this illustra- 
ted t What is the tenth law of affinity called ? State this law. How is this 
illustrated! What is the law of combination for compound bodies? What 
example is ffiven ? What is disposing affinity ! What is meant by the nas- 
cent state of bodies ? 
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for compound bodies is the following : Add t0gtiher ik€ 
numbers corresponding to the eiemente of the compound body ^ 
the sum wiU represent the proportion in which the compound en* 
tore into combination. Thus common soJt is a compound of 
chlorine and sodium. Chlorine combines in the proportion 
represented by the number 35. Sodium combines in the 
proportion represented by the number 23. Therefore the 
compound of chlorine and sodium, that is common sak, com* 
bines in the proportion represented by 354-23i or by the 
number 58. 

(12,) A peculiar chemical action is produced by certain 
bodies which is called disposing affinity, by which is meant 
that affinity which exists between ttoo or more bodies in eonso^ 
quence of the presence of another body, 

(13.) Affinity often takes place between bodies when first 
set free from their combinations by decomposition, when 
under other circumstances it does not occur. This state of 
of bodies is called the nascent state.* 

« Latin, noMciw, viBiBf . 
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PART II. 



THE ELEMENTS AND THEIR COMBINATIONS. 

97, *A vast field opens before us when we leave tlie general 
principles of Chemistry, for the consideration of the chem- 
ical relations and agencies of particular bodies. Every object 
in the material world is to be explored. Without, therefore, 
a method of great simplicity, this immense mass of facts and 
details would be a labyrinth of doubt and obscurity. But 
here, as elsewhere, the simplicity of the laws of nature is 
moist apparent where the greatest complexity might be 
expected. By a few laws of numerical exactness and sim- 
plicity, and by a few bodies which have not been decomposed, 
and are therefore called elements, all the objects in nature 
are formed, and combinations produced without number. 

98. The elements, or simple undecomposed bodies, are 
61* in number, and are divided into metals and non*metallic 
substances. The relations of the non-metallic substances are 
more extensive than those of the metals; we shall therefore 
consider these first. The following is a list of these sub- 
stances. 

Oxygen, 

H^ droff^' ' Organogens, (Components of oi^nic forms.) 

Carbon, 

These four elements make up, almost exclusively, organ- 
ized objects, both animal and vegetable. 

Sulphur, ^ 

Selenium, > Pyrogens. (Fire producers.) 

Phosphorus, ) 

These elements are distinguished by their easy combusti- 
bility. 

* Perhaps 63, including norium and ilmenium. 

97. What poition of the subject of chemistry do we now leave 1 Upon what 
division of the subject do we enter 7 What is said of the extent of this sub- 
ject 1 How is the simplicity of the laws of nature illustrated in this part of 
chemistry 7 

d8. What are elements ! How many elements are there \ Into what two 
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Chlorine, 
Iodine, 
Bromine, 
Fluorine, 



y HahgeM. (Salt producers.) 



These elements, by their combinations with the metals, 
produce saline compounds, as common salt formed of chlo- 
rine and the metal sodium. 



SHko^n, } Hy^g^' (^^^88 producers.) 



These elements, united with many bases, form the various 
kinds of glass. 

The relations by which these bodies are arranged un- 
der the four classes given above, are those by which they 
are best distinguished from each other, although some of 
these bodies have other relations of equal or greater impor- 
tance than those upon which these distinctions are founded. 
This is especially true in the case of the three first elements. 
Of these, oxygen and nitrogen form the atmosphere, and will 
be considered under that head ; oxygen and hydrogen form 
water, and will be described imder that subject. 

THE ATMOSPHERE. 

99. Two transparent fluids form the atmosphere,— -oxygen 
and nitrogen. They are called gases ; that is, they are per- 
manently elastic aeriform fluids. Many other bodies are 
elastic, but gases alone are permanently elastic, for they 
alone return to their original volume when the compressing 
force is removed, however great that force may be, or how- 
ever long continued. 

OXYGEN. 

100. The first and most important of all gases, is oxygen. 
It is never found in a separate state, but is combined with 
several substances, from which it is obtained by the appli- 

classes are they divided ? Mention the organogens. What is meant by this 
term ! Why is this term applied to these four bodies ? Name the pyrogens? 
What is meant by this term ? Why is it applied to sulphur, selenium, and phos- 
phorus \ Name the halogens. What is meant by the term halogen. Why is 
It applied to chlorine, iodine, bromine, and fluorine? Name the hyalogens, 
and define the term. Why is this term applied to boron and silicon ? 

99. What two transparent fluids compose the atmosphere % Why are they 
aallcd gases? 



.J^ 
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cation of heat. The most convenient of these substances is 
chlorate of potash. The process is represented in Fig. 35. 
A glass flask is fitted with a bent tube passing through a 

Fig. 35. 




cork. This tube conveys the gas beneath the mouth of an 
inverted jar.(^') An ounce* of chlorate of potash, and 48 
grs. (-^ part) of black oxide of manganese, are well mixed 
and put into the flask. The heat from the lamp beneath 
soon drives off* the gas and displaces the water from the Jars, 
until, from a small quantity of the salt, quite a number of jars 
are filled with oxygen very nearly pure. A thin metallic cup 
is placed beneath the flask to protect it from fusion ; but this 
should be quite small, otherwise it will conduct off* too much 
heat. A little sand is usually placed in this cup.(^^) 
Chlorate of potassa consists of 

Chloric acidjg^yg^^,^ — :::^a^«f^. 

and 

Potassa. i^^yg®? ^ 

( Potassium (metal) — -^^ chloride of potassium. 

'' (renuuiis in the ilask.) 

101. Properties, Oxygen is colorless, and has neither 
taste nor smell. It is heavier than air in the proportion of 
11 to 10. It unites with all the simple substances, or ele- 

* A larger qnantity, as five ounces, is more convenient after some familiarity 
with the process has been acquired. 

100. What is the most important of all the gases t Is it ever found in a sep- 
arate state! How is it obtained? What is the most convenient source of 
oxygen I Explain Fig. 35. 
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mento,* and with a vast number of compound bodies. It 
therefore constitutes a large portion of the earth. Water 
contains 89 per cent, and atmospheric air 23 of its weight of 
oxygen. Common water will not perceptibly dissolve oxy- 
gen, because it already holds a quantity in solution ; but if the 
water is previously boiled, and then allowed to cool in a 
close vessel, it dissolves 3 J per cent, of oxygen. 

102. Oxygen is that constituent of air which supports 
animal life, and yet in a pure state it is deleterious to life. 
If an animal* as a mouse, be placed in a jar of oxygen, he 
will live four times as long as he will live in a jar of equal 
capacity containing common air. This is not because oxygen 
is a better supporter of life than conmaon air, but because 
the oxygen oi the jar of air is sooner exhausted than that 
of the other which contains pure oxygen. If the first jar 
were supplied with continual portions of fresh air, the animal 
would hve ; but in the second jar, with fresh portions of 
oxygen, it will die in a few hours. This gas is too exhilara- 
ting, and needs to be diluted, as with nitrogen in conmion 
air. 

103. It is sometimes used to resuscitate life. Men and 
animals have been resuscitated by oxygen, when all other 
means of restoring life have failed. 

104. Oxygen is that constituent of air which enables it to 
sujfport canSnution, This is proved by the fact that the 
products of the combustion of all bodies weigh more than 
the bodies from which they were obtained, and this increase 
of weight is exactly that which has disappeared during the 
process. Combustion, however, does not usually take place 
by mere contact of oxygen ; heat, light, electricity, com- 
pression, expansion, contact with platinum or ceitain other 
metals, or with a body already in the process of oxidation, 
must be employed, according to circumstances, to produce 
this combustion. When once commenced, the action goes 
on usually with great energy, being supported by the heat 
generated by the combustion itself. The temperature re- 
quired to produce the combination of any substance with 
oxygen, is different, not only for different substances, but 

* Except fluorine. 

101. Mention some of the properties of oxygen. 

102. What is said of the relations of oxygen to animal life ? 

103. For what purpose has oxygen sometimes been employed t 

104. What is said of the relations of oxyeen to oomliustion t What mast be 
employed to commence the combustion of a body in oxygen? In what way 
does combustion continue itself 7 What is meant \sf slow oembastion?— lajwd 
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Fig. 3d. 



^en for the same substance,— in the latter case producing 
two distinct kinds of combustion, one caUed the slow comhus" 
turn, as that of phosphorus at ordinary temperatures, and the 
other the rapid combustion^ as that of phosphorus when igni- 
ted. Charcoal also bums slowly below a red heat. Slow 
combustion often passes into rapid combustion, as when 
phosphorus is dried on a piece of filter paper and placed on 
dry cotton. Fires in ships and manufactories have some- 
times originated in this way, from the slow combustion of 
cotton or tow moistened with oil Charcoal, when heaped 
in masses, often takes fire in this way, and the explosion of 
powder mills has been produced from this cause. 

105. The energy with which pure oxygen can support 
combustion, may be illustrated by a variety 
of pleasing experiments. Fig. 36 repre- 
sents the method of burning iron in oxygen 
gas. A wire is terminated by a match of 
sulphur and thread. This is lighted and 
allowed to bum for a short time, until it 
becomes heated, and then, while a little fire 
yet remains on the iron, the stopper is 
carefully removed, and tbe wire let down 
into the jar. Instantly a blue flame is seen, 
which is that of the sulphur. As soon as 
this is burnt ofl*, the iron takes fire, and 
bums with the most splendid scintillations. 
Globules of iron will be thrown off, which, 
if collected and weighed, will be found to 
weieh more than the iron which vtras consumed, on account 
of &e oxygen which has combined vnth them. If the 
experiment is made in a jar, standing on a plate, the fused 
globules melt into the plate, after falling through a stratum 
of water half an inch thick.(^*) 

106. Oxides and acids. All ^e compounds of oxygen are 
either oxides or acids. Acids are characterized by pecu- 
liar properties, which will be described more fully hereafter. 
They are generally known from their sour taste and their 
reddening vegetable blue infusions. Oxides are those com- 
pounds of oxygen which are not acids. Thus water, in 
chemical language, is an oxide of hydrogen, because it is 
composed of oxygen and hydrogen (87.), and does not pos- 

combustion % Mention some examples of slow combustion passing into rapid 
combustion ? 

105. Explain Fig. 36. 

lOS. into what two classes are the compounds of oxygen divided T How aie 

7 
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•ess acid properties. The oxides are also. subdivided accord- 
ing to the proportion of oxygen which they contain. Pro* 
toxide is that oxide which contains one equivalent of oxygen 
and one of the base wiih which it is combined. In some 
cases a smaller proportion of oxygen combines with the 
base. These compounds are called suboxides, by w^hich is 
meant those oxides which have less oxygen than diat which 
is called the prot or first oxide. Deutoxide contains twice as 
much oxygen as the protoxide. Sesquioaide (Latin sesquif 
one and a half) is halfway between protoxide and deutox- 
ide. Tritaxide is the third oxide, containing three times as 
much oxygen as the protoxide. Peroxide (Latin per, which 
denotes completeness) is the highest oxide, whether that be 
the second if there are only two, the third if there are only 
three, or the fourth if there are only four. This is also usu- 
ally applied to the highest compound of oxygen which does 
not possess strojigly marked acid properties. 

107, While the oxides are thus distinguished by prefixes, 
the acids are distinguished by affixes or additions. The two 
terminations, ic and ous, are used to distinguish acids, ous 
denoting the smaller proportion and ic the Isu'ger. Thus 
nitric acid contains a greater proportion of oxygen than ni- 
trous acid, and sulphuric acid than sulphurous acid.(^^) 

NITROGEN. 

108. If we withdraw the oxygen from a given portion of 
common air, the residue is nitrogen. A pieces of phosphorus 
p. g^ about the size of a small pea is placed up- 

on a little saucer of tin or iron, and this 
upon a float of cork or wood. It is then 
set on fire and instantly a jar is inverted 
over the burning phosphorus (Fig. 37.) 
(^ ^). The phosphorus will consume the 
oxygen of the an: beneath the bell glass, 
and the water will rise. By the com- 
bustion of the phosphorus, phosphoric 
% acid is formed, which is absorbed by the 
i water in the jar, and nothing i^emains 
— ~ but nitrogen. 

acids generally known ? What compounds of oxygen are called oxides ? What 
is water called in chemical language ? What is meant by the term protoxide? 
—suboxide ?— deutoxide ? — sehquioxide ?— peroxide t 

107. Jn what manner are acids distinguished ? What does the termination, 
ous, denote ? — ic ? What examples are mentioned ? 

108. £xplain Fig. 37. 
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The jar contained 

« . ( Nitrogen Free nitrogen. 

( Oxygen ^^^ p hosphoric acid. 

and -^""""^ cii-ofc«ii 




Phospho 

109. Nitrogen is found in a free stitte in the air bladders 
of fish, and in other cavities in the bodies of animals and 
vegetables. Its properties are chiefly negative. It does noC 
support combustion (^®), or animal life. A mouse placed 
in a jar of nitrogen dies almost instantly. It is not poison- 
ous, however, like some gases, but it destroys life by suffo- 
cation. It has probably the greatest affinity for heat of all 
ponderable bodies, and by this strong affinity for heat it* 
compounds are easily decomposed. The nitrogen is disen* 
gaged in the gaseous form, often with such violence as to 
produce explosion. 

110. Nitrogen is very widely diffused in nature, particu- 
larly in the organic kingdom, for we find it in all plants and 
animals. It is an essential constituent of the animal trame.( * ♦ ) 
It is, therefore, abundantly contained in the food of all ani* 
mals. The following table contains the proportion of nitro- 
gen in some of the most common articles or food. 



Rice, 81. 

Potatoes, 84. 

Turnips, 106. 

Rye, 106. 
White bread, 100 to 125. 

Milk, 237. 

Peas, 239. 

Beans, 320. 



Eggs, (yolk,) 305, 
« (white,) 345. 

Ham, (raw,) 539. 
" (boiled,) 807. 

Mutton, (raw,) 773. 
'* (boiled,) 852. 

Beef, (raw,) 880. 
« (boiled,) 942. 



111. Nitrogen is somewhat lighter than common air, 
and, of course, lighter than oxygen. Still it is diffiised 
throughout the atmosphere in every part, although not 
chemically combined with oxygen. This principle of the 
diffusion of gases, may be illustrated by the following ex- 
periment : — Two fiasKS, (Fig. 38.), are connected by a 
tube passing through their corks. One of the flasks con- 

109. Where is nitmRen found in a free state ! What is said of its proper- 
ties ? What is its effccc on combustion and animal life ? In what manner ooet 
it destroy life ! What is said of its affinity for heat ! What is said of Xh» 
eompounds of nitrogen % 

110. Why is nitrogen an essential constituent of food ? 

111. How does the density of nitrogen compare with that of common air! 
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Fig. 36. tains oxygen, and the other nitrogen. When placed 
as represented in the jBgure, the heavier gas, or oxy- 
gen in the lower flask, and the lighter or nitrogen in 
the upper, after remaining a day or two, the gases 
in both will be found alike, or, rather, each flask will 
be found to contain a mixture of oxygen and nitro- 
gen. In this* case, the nitrogen, though the lighter 
gas, has descended from the upper flask through the 
tube into the lower, and the oxygen has ascended 
through the tube into the upper flask. This property, 
which gases possess of mingling with each other, not- 
withstanding their diflerenee of specific gravity, is called the 
diffusion of gases. It is a principle of the first importance, 
and will therefore be explained more fully hereafter, when 
the difierent gases are known. It is owing to this principle, 
that the gases which make up the atmosphere, are found in 
every part of the earth, both on the highest mountains and in 
the deepest mines. Besides pure air, which is composed of 
oxygen and nitrogen, in every part of the atmosphere two 
other gases, carbonic acid and ammonia, with watery vapor, 
are found as leading constituents. 

112. ne atmosphers surrounds our globe to the height of 
about forty miles, and far beyond this height it has been 
proved to exist in a state of extreme rarity. It is the breath 
of life to animals, for no other gas, or combination of gases, 
is adapted to this purpose ; it is equally necessary to plants 
which absorb it, and the gases of which it is the vehicle. 
By respiration, it acts upon the blood of animals, renewing 
perpetually its vital properties, and through the leaves of 
plants it perfects the sap and renders it suitable for their 
nourishment. No animal, however low in the system of 
creation, has been found without the means of introducing 
air freely into every part of its system. 

WATER. 

113. Water, when analyzed, has been found to consist of 
two volumes of hydrogen to one of oxygen, and eight of 
oxygen to one of hycGogen, by weight. The method of 
analysis by galvanism has been described (87). The fol- 
lowing is another method : 

Explain Pig. 39. What is meant by the diffusion of gases ? What is the 
effect of this principle upon the gases of the atmosphere ? 

U2. How far above the earth does the atmosphere extend 7 What is said of 
its importance to animals and plants ! 

U3. What is the com(>ositiQn of water! Explain Fig. 39. What may be 
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A gan-barrel, (Fig. 39.), is made to pass through a fur- 
nace. It is connected at one 
end with a retort holding Fig. 39. 

some water. When the gun- 
barrel has become red hot in 
the furnace, heat is applied 
beneath the retort by a lamp, 
and the vapor comes through 
the gun-barrel, where it is 
decomposed by the ignited surface. The ojcygen unites 
with the red hot iron, and the hydrogen issues from the end 
of the gun-barrel. 

A porcelain tube may be used instead of the gun-barrel, 
if it is loosely filled with iron turnings, which, when red hot, 
absorb the oxygen, and their increase in weight will show 
the amount of oxygen absorbed. If the experiment be accu- 
rately performed, it will be found that eight times as much 
oxygen, by weight, has been obtained, as hydrogen.(2») 

114. At a very high temperature, water is decomposed, 
as is seen when a small portion of water is thrown on an in- 
tensely hot fire. Water thrown on a large quantity of burn- 
ing tar increases its combustion, and the same effect is pro- 
duced in large fires, where water thrown from engines in- 
creases the rapidity and energy of the fire. If a ball of pla- 
tinum of the size of a large pea, with a wire attached to it, 
be heated to bright whiteness till it begins to show signs Of 
fusion, and then plunged into hot water, minute bubbles of 
gas rise with the steam, which consist of a mixture of oxy- 
gen and hydrogen. 

115. The synthesis (4.) of Fig. 40. 
water may also be perform- 
ed in the following manner. 
Put into one of the retorts 
in Fig. 40, some chlorate of 
potash, and apply heat be- 
neath ; into the other put the 
ingredients for making hy- 
drogen gas (116.) Tie some 
platmum sponge to a wire j— | J 
of the same metal, several 
times coiled around it ; heat this red hot, and immerse it in 

used instead of the gun barrel in this experiment 1 In this case how will the 
amount of oxygen alMOiijed be determined ! How much more oxygen than hy- 
drogen, by wei.i%ht, does water contain \ 
114. What factM show that water is decomposed at a very high temperature f 
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the mixed 'gases in the jary a, so that the hydrogen shall 
blow upon one side, and the oxygen upon the other side ; 
an explosion will ensue, after which the gases will bum 
more quietly. The platinum sponge will glow with the 
intensity of the heat, and, by the union of the gases, water 
will be formed, and wiU be deposited on the inner surface 
of the jar, a^^^) 

The same effect may be produced by buminff a jet of 
hydrogen gas in a tall glass tube. Water will be formed on 
the inside of the tube, by the union of hydrogen and the oxy* 
ffen of the air. Water is therefore composed of oxygen and 
hydrogen, as is determined by both analysis and synthesis. 



HYDROGEN. 



116. Hydrogen is never found in a free state. For the 
purposes of expenmenc it is always obtained by deoxidizing 
water. Thus, in passing the vapor of water through a red 



Fig. 41. 




hot iron tube, the red hot surface ab- 
sorbs the oxygen, and the hydrogen 
issues from the end of the tube. A 
more common method of obtaining 
hjrdrogen is represented in Fig. 41. 
The flask, f, is provided with a bent 
tube, c, which descends through the 
cork into the flask. The cork is first 
taken out, and a few small pieces of 
zinc are placed in the flask. Upon 
these, diluted sulphuric acid is poured. The flask is now 
closed with the cork, and the gas comes over at the end of 
thebenttube.(2 2) 
The flask contains 

Water f ^J^S^^' 
\ Oxygen> 

Zinc 

and 

sulph. acid. — 



-Hydrogen. 

(eteapet m gat.) 

oxide of zinc. 

(aniteB with aolph. acid.) 

^sulphate of zinc, soluble salt. 

(remains in lolutioii.) 



115. Explain Fig. 40. In what other way may the synthesis of water be 
, performed s • 

116. Js hydrogen ever found in a free state ? How is it always obtained for 
the purposes of experiment ? Explain Fig. 41. In forming hydrogen by this 
method, between what two substances is the direct action? How does zinc 
form hydrogen from water? Why is the presence of some acid necessary? 

• ri?^'*"^ oy disposing affinity ? Does sulphuric acid facilitate the forma- 
tion of hydrogen by mcreasing the affinity of the zinc for the oxygen of the 
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From the diagram it is evident that the direct action in 
forming hydrogen is between the water and the zinc, the 
latter drawing away the oxygen from the water, and leaving 
the hydrogen free. But without the presence of sulphuric, 
or some other acid, the zinc almost instantly becomes coated 
with the oxide of zinc, and diis coating, being insoluble in 
water, prevents all further action until the acid is added, 
which dissolves it, and thus leaves a bright surface of zinc 
to the renewed action of the water. 

But besides this agency of sulphuric acid, its presence also 
facilitates the process by disposing (iffinity (p. 64), for if acid 
be not present, a piece of zinc, however bright, or even 
when heated, will not become oxidized, or, in other words, 
will not produce the decomposition of water by withdraw- 
ing its oxygen, until afler a long time, and but to a very 
small extent. That the hydrogen is not derived from the 
sulphuric acid, may be proved experimentally, by adding 
concentrated acid to zinc, when no action will take place, 
but this will commence when water is added. A large 
quantity of water will be required to produce the greatest 
action.(^') 

117. Hydrogen is a colorless gas; as ordinarily obtained 
it has a smell slightly fetid, but when passed through lime 
water, end afterwards through alcohol, it becomes pure, 
and then has no smell. Like nitrogen, it is hostile to life, 
but is not poisonous, and takes away life by suffocation. 

It is the lightest of all known forms of matter. When 
inhaled, as it may be without injury if pure,* it gives to the 
voice a peculiar shrillness.(2*) It produces, after two in- 
halations, disagreeable sensations, with a loss of muscular 
power. It combines with a large number of substances, 
and many of its compounds are of great importance. It is 
sometimes employed in inflating balloons. Soap bubbles, 
inflated with hydrogen gas, ascend like balloons. To inflate 
the soap bubbles, a bladder, furnished with a pipe and stop- 
cock, is employed. The pipe being dipped in a solution of 
soap, a gentle pressure is given to the bladder, when the 
bubbles will be formed, and finally rise from the pipe rap- 
idly to the ceiling.(2«) Musical tones are produced when a 

* It is generally sufficiently pare for this purpose. 

water 7 By what experiment may it be proved that the hydrogen is not derived 
directly from the acid ? 

117. Mention some of the properties of hydrogen. What effect does it pro- 
dace on the voice when inhaled ! What is said of its power of combination, 
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Fig. 42. 



small jet of this gas is burned in a glass or other tube. 
These tones are also produced by several other gases. 
They are probably caused by a series of explosions, which 
succeed each other rapidly, as the flame nearly goes out, 
and relights in the tube.(^«) Though highly inflammable, 
hydrogen is not a supporter of combustion. Its inflam- 
mability, and, at the same 
time, the fact that it extin- 
guishes the combustion of 
bodies introduced within 
it, may be shown by the 
following an-angement A 
bottle, a, (Fig. 42.) is pro- 
vided with an india-rubber 
tube, which conveys the 
gas to a bell-glass, h. This 
bell-glass is held in the 
hand, and the hydrogen 
allowed to drive out the 
air, which it does by its 
greater lightness, filling 
the bell-glass gradually, 
from top to bottom. Tiie hydrogen is now set on fire by a 
candle at a bottom of the jar, which goes out itself as it enters 
the gas within the bell-glass, hut is relighted at the mouth as 
it is drawn out again\^'') 

118. Hydrogen explodes when mingled with the common 
air, and more violently when mixed with oxygen gas. The 
mixture may be made in a strong brass cylinder, or pistol a, 

(Fig. 43.) A cork is inserted at c, and the 
Fig. 43. finger held over the small orifice h. On 

^ 1 ^ removing the finger, and instantly apply- 

^^^^-^^»^Er^ ing a match, the mixed gases explode and 
\J drive out the cork. The gases are mixed 
in the proportions of two volumes of hy- 
drogen to one of oxygen, or in those proportions in which 
they unite to form water. 

119. The most intense heat, except, perhaps, that pro- 
duced by galvanism, is made by burning hydrogen with 




and the importance of its compounds t For what is it sometimes employed ! In 
^hat manner may soap hubbies be inflated with hydrogen ? How are musical 
tones obtained from a jet of hydrogen ? Explain Fig. 42. 

118. Explain Fig. 43? 

119. For what purposes is the mixture of oxygen and hydrogen gases em* 
ployed T 



THE ELEMENTS AND THEIR COMBINATIONS. 77 

oxygen. By this method, the Drummond light, and the 
flame of the compound hlowpvp^ are produced. The lat- 
ter causes the most intense heat which the chemist can com- 
mand, and in a space not greater than that occupied by the 
flame of a candle. 

120. Water u a chemical combination / air is a mechaTucal 
mixture. In air, therefore, the peculiar properties of each 
component, oxygen and nitrogen, are to a certain extent 
preserved. But in water, the peculiar properties of both 
oxygen and hydrogen are entirely lost. Oxygen is the 
greatest of all supporters of combustion, and hydrogen the 
most inflammable body; but water is used for extinguishing 
fire, and, therefore, is neither inflammable nor a supporter 
of combustion. Oxygen is exciting and stimulating to the 
vital processes ; watery vapor, if inhaled, would produce 
death by sufibcation. 

121. Some of the leading properties of water are the fol- 
lowing. When pure, it is a transparent, colorless liquid, 
which has neither taste nor smell. It boils at 212°, al- 
thoug^h the temperature of the boiling point, depends on 
the degree of pressure upon its surface. U nder a vast pres- 
sure, ic has Isieen found to undergo a slight diminution of 
volume, amounting to ^.^tny P^^^» ^^^ ^ pressure equal to 
that of the atmosphere, or 15 pounds to the square inch. It 
eannot be found pure in nature, but the purest water is 
obtained by melting freshly fallen snow, or by receiving 
rain in open vessels, at a distance from houses. Even this 
water is not absolutely pure, for, if placed under the ex- 
hausted receiver of an air pump, bubbles of gas escape from 
it, and this gas is found to contain much more oxygen than 
common air. It also contains more or less of ammonia, 
which it absorbs from the atmosphere. All common water, 
sinking through the earth, and running beneath the surface, 
becomes charged with earthy and saline matters ; hence, to 
obtain pure water, it is necessary for the chemist to distil 
this water. The sotvevU powers of pure water are, in some 
cases, greater than those of common water. 

* These will be described hereafter. 



120. What is said of the nature of the combination of the elements of water 
as compared with those of air ? In what respects do the properties of water dif- 
fer from those of its components ? Why does air possess many of the proper- 
ties oi its components 1 Ans. Because it is a mechanical mixture ana not a 
chemical combination. 

121. Mention some of the leading properties of water. What is the effect of 
a vast pressure upon water ? Is water found pure in nature ? How is the 
purest water obtained ! Is water thus obtained absolutely pure ? What is said 
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The chemical properties of water are of the greatest im- 
portance. Its solvent powers far exceed those of any other 
body. It absorbs gaseous bodies, and holds in solution solid 
substances, acids(^^), alkalies, and salts, while it does not 
alter their properties, or is neutral to all these bodies. These 
solvent powers are, generally, increased by heat ; but in a 
few cases, as in the case of common salt, cold water holds 
83 much in solution as warm water, and in a few instances 
also, its solvent powers are greater than those of warm 
water.(2») 

122. The purposes which water serves are numberless, 
and of vast importance. All the tribes of the vegetable, 
as well as those of the animal kingdom, are nourished by 
water. Though perfectly inodorous in itself, watery va- 
por is the medium of the sweetest perfumes, and there 
18 no bloom or beauty in nature, without the presence of 
water. Even the sky has a deeper blue when the atmos- 
phere is fully charged with moisture, and sun-light and star- 
light are much more intense before and after a shower of 
rain. In southern latitudes, where a warmer climate pro- 
duces a ereater amount of watery vapor, the beauty of the 
sky by night, and the brilliancy with which the sun shines 
by day, are unknown in more northern countries. 

The health of large and populous cities is dependent on an 
abundant supply of water ; as a detergent, as an absorbent 
of the most deleterious gases, as^a powerful mechanical agent 
in the waterfall and in the form of steam, water is applied to 
a great variety of purposes. It is the most indispensable bev- 
erage to man, and to all animals that inhabit the earth ; it is a 
solvent of a great variety of bodies, and a constituent part of 
many ; it is a medium of chemical action, and its presence is 
necessary in a great variety of cases. The crystallization of 
bodies rarely takes place without the presence of water, so 
that this is the source of the beauty of inorganic nature, as well 
as that of the organized world.(^°) Its own crystals, in the 
form of snow, are greater in variety, and more beautiful in 
form, than those of any other substance. Neither earth nor 
air is so populous with life as water, from the animals 'that 

of common water ? How do the solvent powers of pure water compare with 
those of common water ? What is said of the chemical properties of water ? 
What is the effect of an increase of temperature on its solvent powers ! 

12?. What are some of the purposes served by water ? What effect has the 
presence of moisture upon the color of the sky, and upon the light of the sun and 
the stars ? What is said of the appearance of the sky in southern latitudes? 
What other purposes are served by watet ? What relation has water to the 
orystalUxation ot bodies ! How do the crystals of s&ow compare with those 
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swarm in the pool or spring, to those that fill the waters of 
the ocean. 

We cannot, therefore, too much admire a substance so 
beautiful in itself, so bountifully provided, and so wonder- 
fully adapted to the wants of man. - *' Wherever a spring 
rises or a river flows, there should we build altai's and ofler 
sacrifices."* 

CARBON. 

123. This is the last of the organogens, or those elements 
which prevail throughout the animal and vegetable king- 
doms. Carbon is also largely diffused in the mineral king- 
dom. Its most striking peculiarity is the different condi- 
tions under which it occurs. Among these are, 

(1.) The diamond^ which is nearly pure carbon. It was 
probably fused at a high temperature, and crystallized by 
slow cooling, from this state of fusion. The figures beneath 

Fig. 44. Fig. 45. Fig. 46. Fig. 47. ' 




represent some of the forms of the diamond. Of these, 
Fig. 44. is a cuhe^ Fig. 45. a regular octahedron^ Fig. 46. 
a rhombic dodeca-hedron, and Fig. 47. an octahedron with 
its faces rounded, or curved ; diamonds occur of this form, 
sometimes almost spherical. The diamond is nearly infusi- 
ble, but when exposed to the flame of a condensed mixture 
of gases, or the heat produced by a powerful galvanic bat- 
tery, it is fused. If heated without contact of air, it is not 
altered, even by a very intense heat, but when heated to or- 
dinary redness m a vessel of oxygen, it bums with facility, 
yielding carbonic acid gas. It is the hardest substance 
known. It is cleaved or split without difficulty, in particular 
directions, but can only be cut or abraded by the fragments or 

* Seneca, 

of other substances? How does water compare with the earth or the atmos- 
phere, as a medium of life? 

123. What are some of the sources of carbon ? What are some of the forms 
under which it is found ? What is said of the diamond? What are some of 
the crystalline forms under which the diamond is found ! What other proper- 
ties of the dianwnd are mentioned 1 Mention some of the properties of plum- 
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powder of the diamond itself. A very useful application of 
the diamond is made by the glazier, in cutting glass. A dia^ 
mond having the rounded octahedral figure, held with its 
edge on the surface of glass, and drawn along with a gentle 
pressure, causes a split or cut which penetrates to a con- 
siderable depth into the glass, and determines its fracture 
with perfect certainty .(' ^ ) 

(2.) Carbon also occurs in the various forms of charcoal, 
anthracite coaly coke^ &c. 

(3.) Plumbago. This substance has the metallic lustre, is 
opaque* and so soft and unctuous that it is used to diminish 
the friction of machinery. Crystals of plumbago or graph- 
ite are not common, but when they occur they have the 
figure of a short six-sided prism, — a form which has no geo- 
metrical relation to that of the diamond. This mineral is 
used in lead pencils ; it is somewhat rare. The finest and 
most valuable is brought from Borrowdale, in the north- 
western part of England. It is found there in an irregular 
vein, traversing the slate beds. 

(4.) Lampblack is a powerful absorbent of light and heat, 
and possesses a very strong affinity for oxygen, sometimes 
taking fire spontaneously in the air. 

These substances, although so entirely different from each 
other, are all composed of nearly pure carbon. They form 
examples of what is called the tdlotropism of bodies. By 
this term is meant, that the same body exists in states or con^ 
dltions which differ entirely from each other in their appear- 
ance and properties. Substances could hardly be found 
differing from each other more than the diamond and char- 
coal, or lampblack, plumbago, &;c. ; yet these substances are 
all carbon, very nearly pure. In the diamond, carbon is 
transparent and a non-conductor of electricity ; but in plum- 
bago and charcoal it is opaque, possessed of metallic lustre, 
and a good conductor of electricity ; and in these forms, 
therefore, it differs not only from the diamond, but from the 
other non-metallic elements, which, like the diamond, are 
non-conductors of electricity, and generally transparent. 
The diamond is the purest form of carbon ; charcoal the 
next, plumbago generally contains a little iron, although 
this is sometimes no more than a trace. Lampblack is very 
nearly pure carbon. 

baso. is there any connection between the crystals of plumbago and the crya- 
talline forms of the diamond ? Whence is the finest plumbago obtained f 
Mention some of the properties of lampblack. What is meant by the allotropism 
of bodies 7 What is the purest form of carbon ? What does plumbago usually • 
contain? 
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124. Oharcoal'may be formed, for the purposes of expe- 
riment, by plunging small pieces of wood beneath melted 
lead or tin, or beneath sand heated to redness in a crucible. 
By this process the volatile parts of the wood will he driven 
off, and the carbon or charcoal remain behind.(^^) 

In preparing charcoal on a large scale, piles of wood are 
erected, which are covered with turf and moistened earth, 
and the wood is then kindled. This would be extinguished^ 
however, for want of air, if holes were not made in different 
parts of the kiln, through which fresh air is admitted, and 
the burnt air escapes. Only so much should be admitted 
as is necessary for expelling the volatile parts of the wood. 
When this has been accomplished near the holes, they must 
be closed, and new ones made at other points. At last all 
the openings are carefully stopped, that the fire may be put 
out. When cold, the wood will be found thoroughly charred 
the shape of the knots and the rings being still perceptiblet. 
hAU the vessels of the wood are so perfectly preserveo, that 
when a section of the charcoal is magnified many hundred 
times by the solar microscope, the structure of the wood 
from which it is formed is still visible. One pound of wood 
yields about a quarter of a pound of charcoaL 

Charcoal for the manufacture of gunpowder, is prepared 
in cast-iron cylinders. The cylinders are placed across a 
furnace, and there is a small vent left for the escape of the 
volatile parts of the wood, but not sufficient for free access of 
air. Alder,' dogwood, and wiilpw, are the kinds of -.wood 
preferred in making charcoal for gunpowder. . 

Charcoal is unchanged by heat, when not exposed to the 
air. After intense ignition, it becomes hard enough to 
scratch glass and wear a file. : After being ignited, it ab- 
sorbs, the gases without alteration, and heat is developed 
during the process. The snapping of coal when placed in 
the fire, is owing to the sudden expansion of the gases and 
vapors confined within its pores. If a piece of recently 
ignited charcoal be placed under a jar which stands over 
mercury, it will absorb many times its volume of air, as 
will be shewn by the rise of the mercury within the jar. 
' ■ ' • , . . . __i_3 t 

124. How may charcoal l)e formed for the purposes of experiment ? Des- 
cribe the process of preparing charcoal on a lar^te scale. How much charcoal 
can be made from a pound of wood t How is charcoal prepared for the roanu- 
iactare of ^un powder ! What kinds of wood are selected for this purpose t 

125. Mention some of the propeities of charcoal. To ^ bat is the snapping 
of coal when placed oh the fire owtntr ' How may the power of recently igailed 
chftf coal to absorb air be shown by experiment ! 

8 • •. 
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1&6. Chaf coal is unaltered by air or tnoistnre. The iSff- 
tirefl on the dial plates of steeples, whidi are painted black, 
often stand out in bold relief, while the rest of the wood, 
painted white, is worn away. This preserving power of 
black paint is owing to the fact that charcoal forms its basis. 
The beams of the theatre at Herculaneum were converted 
into charcoal by the lava which overflowed that &tj, and 
. for seventeen hundred years they have remained entire, 
and still present the appearance of recently formed char- 
coal.(») 

127. Charcoal has the power of absorbing the bad odors 
and coloring principles of most animal and vegetable sub- 
stances. Tainted meat is made sweet by burying it in 
powdered charcoal, and foul water is purified by being 
strained through it.('^) The sirup of the sugar-cane is 
rendered colorless by being passed through sacks of ani- 
tnal charcoal (bone-black), prepared by igniting bones.('*) 
After being used for sometime, this charcoal loses its decol- 
orizing power, but regains it on being heated to redness. 

Charcoal is of great service in reducing metals from their 
-oxides. This it does by its great affinity for oxygen, which 
causes it to take the oxygen from the oxide and reduce the 
metal.(") 

8TMBOL8. 

128. The composition of bodies is most conveniently ex- 
pressed by symbols of the elements of which they are com- 
posed. For this purpose, every elementary substance is de- 
signated by the first letter of the Latin name in capitals; of, 
where several names begin alike, by this and the most char- 
acteristic small letter in the word. The following table con- 
tains the symbols and combining numbers of the organogens. 
The meaning of the term, combining number, is somewhat com- 
plex, and requires full illustration to be understood. It will, 
therefore, be explained more fully hereafter, when many of 
the combinations of the gases being known, they may be 
employed in illustration. 

1S6. What an the relations of charcoal to air and moisture t Mention seme 
examples. 

127. What is said of the absorbent properties of charcoal ! How is charcoal 
that has lost its decolorizing power restored 1 In what way does charcoal re- 
duce metals from their oxides 7 

i2& in what manner is the composition o( bodies most convenientlj ex* 
pressed! Whence are these symbols obtained ? Write the symbols sad tlie 
combining nambcrs of the organogens. 
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iSymM, 


CimAinmg Nmfm. 


Oxygen, 


O. 


8. 


Nitrogen, 


N. 


14. 


Hydrogen, 


H. 


1. 


Carbon, 


C. 


6. 



SULPHl/lr 

129. Sulphur is exhaled in large quantities from volcanoes, 
either in a pure state, or in combination with hydrogen ; by • 
condensing in fissures, it forms sulphur veins, fVom which 
the greater part of the sulphur of commerce is derived. It 
exists also m combination with many metals('^), as iron, 
lead, copper, zinc, &c., in rocks and mineral water8.('*) 
Some plants also contain sulphur, and it is found in all ani- 
mal substances. It is a pale, greenish yellow, solid, with- 
out smell, unless when warm or rubbed, when it gives off a 
smell unlike that of any other body, and therefore called 
the smell of sulphur. It is very friable, a roll of it emits 
a crackling sound, and sometimes breaks when held in tho 
warm hand. It melts readily at a heat of only a few degree* 
above that of boiling water, forming a transparent and nearly 
colorless liquid. As the temperature b elevated, the liquid 
becomes orange-yellow and thick, and at 482<^ passes abrupt- 
ly into a dark brown. At about 600^ it sublimes, and the 
condensed product is called the flowers of sulphur. {^^) If 
heated for a time at this temperature, and then suddeply 
poured into cold water at a low temperature, it becomes^ on 
cooling, elastic like india-rubber, and may be drawn out 
into long threads. By keeping for a few days, it slowly 
returns to its usual condition. 

130. Sulphur crystallizes in a very beau- ^Mf- **• 
tiful manner. Fig. 48 is a section of a cru- 
cible, showing the form of this crystalliza- 
tion. A large crucible is filled with sul- 
phur, placed in a furnace, and the sulphur 
allowed to melt very gradually. When 
all the sulphur is melted, it is removed 
from the furnace and placed on moist sand. 
The top is also covered up, that the sul- 

I2§. What is the chief source of sulphur ? In what other forms does it also 
exist ! What are some of its properties ! At what temperature does it melt f 
What does it form ia melting r What is the eflfect of an deration of tempera- 
ture upon this liquid ! At what temperature does sulphur sublime f What it 
the condensed product called ? If suddenly thrown into cold water at this tem- 
penture what effect is produced I is the elastic substance thus formed per^ 
- manent? 

130. Explain Fig, 48. 




84 < . • ELEMENTS OF CHEMISTRT. 

' pbur beneath may cool as fast as that on the surface. After 
a soHd crust is formed on the surface, this is pierced in two 

'places on opposite sides, and the melted sulphur poured out 
through one of the openings thus made. That which re- 
mains will be found beautifully crystalline. The native 
crystals obtained from Mly are sometimes two or three 
inches in diameter. Some of their forms are represented in 

^ the accompanying figures. 

-Fig. 49. Fig. 50. Fig. 61. Fig. 52. 





^- 131. The range of combination of sulphur is very wide, 
ftnd its compounds are very important. Sulphurett^ are 
edmpouiids of sulphur with electro-positive or inflammable 
bodies. Sulphates are salts containing sulphuric acid ; suU 
f^ites, salts containing sulphurous acid. Sulphur is of great 
importance in the arts, it is one of the ingredients of gun- 
powder, and forms the basis of all kinds of matches. The 
most important of the acids, sulphuric acid, is made from 
Aulphur. Sulphur is also a valuable agent in medicine. 

SELENIUM. 

132. Selenium resembles sulphur in many of its properties. 
It is brittle, and so soft as to be easily scratched. It softens 
when heated, becomes semi-fluid at 212^ and perfectly fluid at 
a some what higher, temperature. In coolin g it remains soft for 
a long time, and may be worked like sealing-wax and drawn 
out into long, elastic, transparent threads. Its affinity for 
oxygen is less than that of sulphur. When gently heated in 
t^e air it sublimes: without change, and does not take fire 
until more strongly heated, as by contact with flame. It then 

* These salts are now very generally called tulphidea, 

. 131. What is said of the range of combination of sulphur and the importance 
df its compounds ! What is meant by the term sulphuret ? — ^the term sul* 
phate ? — the term sulphite ! What are some of the uses of sulphur ! 

132. What body does selenium greatly resemble ? Mention some of its 
mropenies. How does its affinity for oxygen compare with that of sulphur? 
What is the action of heat upon selenium ? Is selenium an abundant or • rare 
•ubstanoe? Where has it been found 7 



THE KLEnNTS AMD THKm COKBIWATIONS. 8fl 

burns in the air with a reddBsh-Uae flame» and in oxygcai gaa 

with a flame which is white below and bluish-green aboreu 

Selenium is one of the least abundant of the elements, but 
is found in minute quantity in several ores of copper, silver, 
lead, bismuth, tellurium, and gold, in Sweden and Norway. 
It has also been found in the Lipgri islands, associated wim 
sulphur, and is contained in the red matter deposited from 
some kinds of sulphuric acid, especially after the acid has 
been diluted with water. 

PHOSFBOKDfl. 

133. The most remarkable quality of phosphorus is Ha 
great inflammability.(^*^) From its property of emitting 
£ght in the dark^ by slow combustion, it derives its name, 
which signifies " light bearer." The term phosphorescence^ 
which applies to a large class of bodies, luis a similar 
origin.(*^) 

Phosphorus is" almost colorless, transparent after slow 
cooling, and semi-opaque after rapid cooling. It may hm 
cut with a knife,* and the fresh surface has a waxy lustra* 
1% fuses at 113<^, and in the fused state presents the appear*, 
ance of a transparent oil. After fusion it cools, if at rest^ 
down to 970 before it solidifies, and when solidification takes 
place its temperature rises again to 113^. It boil^ &t 550^, 
and is converted into a colorless vapor. When rubbed ot 
heated to about the temperature or 110^, it takes fire and 
bums with ereat rapidity, emitting an abundance ci acid 
fiimes.(^ ' ) In oxygen its combustion is so intensely brilliant 
that the eye can hardly bear the light.(^') 

Phosphorus has a variety of uses, but the most important 
purpose which it serves is in the structure ci the human 
frame, and in that of all land animals. Phosphorus, in the 
form of phosphate of lime, is found wherever strength anj 
rigidity in the animal frame are required. The mtemid 
bony portions of the ear, where the greatest solidity is re- 
quired, are the densest parts of the skeleton, and phosphate 
^ lime enters most largely into the composition of these 
bones. The enamel of the teeth consists almost wholly of 
phosphate of lime, 

*This should be done under water. 

133. What is the most remarkaUe property of phosphorus 7 Whence does i( 
dertre its name and what does this signify T What are some of its properties f 
At what temperature does it take fire when rubbed or heated ? What are 
some of tne uses of phosphorus ! Write the symbols and combining numben 
of the ^logena. 

8* 
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The following table contains the symbols and combining 
numbers of the pyrogens : 

Sulphur, S. 16(16-12). 

Seleniura, Se. 40. 

Phosphorus, P. 16 (15-72). 

CHLORINE. 

134. The great natural source of chlorine is common salt, 

i chloride of sodium,) of which it composes about 60 per cent. ' 
nto a retort are put 3 parts of salt and 1 of oxide of man- 
giinese. The mixture is well shcdcen, and 2 parts of sul- 
phuric acid, previously diluted with 2 of water, added. 
GhloriDe is evolved, and the extrication may be quickened 
by the application of a gentle heat. 
; Into tne retort were put 

Chloride of ( chlorine Chlobiwb. 

Sodium, ( lodiiini — -- (p-MiormfM.) 

Sulphttrie acid, •^ in][ihiitr of noda, soluble uh. 



Peroxide of ( oxygen,- (»•«»»»»• *« •dutioii.) 

M anganese ( protoxide of manjEaneae^,^ 

Sulphuric acid. -^^>h«u1phate of manganese, soluble sah. 

(ranaiM in tolatioD.) 

135. This method of obtaining chlorine is largely used in 
the arts in preparing this gas for bleaching linen and cotton 
goods, and rags for the manufacture of paper. On a small 
scalcf the following method will be founa more convenient. 
Provide a flask with a tube bent twice at right angles, and 
passing through a cork which fits tightly in a flask. From 
the flask the tube passes into a bottle, and should be of suffi- 
cient length to reach nearly to the bottom of the bottle. Into 
the flask put one part of black oxide of manganese, and pour 
upon it 2 parts of hydrochloric acid. The chlorine will issue 
abundantly, and may be received in the bottle by the dis* 
placement of air. Towards the latter part, the process may 
be hastened by the applicatfon of heat. 

( chlorine -CHLOBiifB. 

0. 



Hydrochloric 2 (pmm or io cm.) 

^water. 
(raaudM in fhe MlatioB.) 



acid, i hydrogen ^^^_,.,^ water. 



Pi»m-riflA nf ( O^CygCn •-""^ 

M «„L^ \ manganese — ^»chloride of manganese, soluble salt. 

Manganese, J oxygen ^^^...-.-----■''''^ («««»««'•«»«»• «»«»««»•) 
Hydrochloric < chlorine ^^^^•-"*.^.„^ 

acid. < hydrogen "^^ water. 

(femaiu ia the loItttioB.) 

134. What is the great source of chlorine! £xplain the method of preparing 
chlorine from common salt. 
13j^. Explain tiie common process of obtaining chlorine for experiment. 
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136. Cfalorioe is a yellowish green gas.(^^) It has an 
astringent taste and a disagreeable odor.(^^) It is one 
of the most suffocating gases, exciting spasms and great 
irritation in the throat and lungs, and should not be incau- 
tiously breathed, even when considerably diluted with air. 
Some relief from the sensations produced by it, may be 
obtained by inhaling the vapor of ether or alcohol. If a 
mouse, or other small animal, be dropped into a jar of 
chlorine, it will instantly fall dead. Mingled with hydrogen 
it becomes explosive, and may be inflamed by the direct 
rays of the sun.(^*) It is about two and one half times 
heavier than air.(^^) -Under the pressure of about four 
atmospheres, it is a limpid fluid of a bright yellow color. 
Cold water, recently boiled, absorbs twice its volume of 
chlorine, and yields it again when heated. 

137. Chlorine unites with some substances with the evolu- 
tion of light and heat, and hence is called a supporter of com- ^ 
hustion. On plunging a lighted taper into chlorine, it bums 
for a short time with a small red name, aud emits a large 
quantity of smoke. It may be relighted, if the wick is 
large and red hot when introduced into the gas. Phos? 
phorus takes fire in it spontaneously, and bums with a pale 
white light. Melted sulphur also takes fire in chlorine, and 
burns rapidly. Several of the metals, such as tin, copper, 
arsenic, antimony, and zinc, when introduced into chlorme, 
in a state of powder or of fine leaves, are suddenly in* 
flamed.(*®) Chlorine is indirectly one of the most power- 
Ail oxidizing substances which we possess. It oxidizes by 
withdrawing the hydrogen, for which it has a great affinity, 
from the water in which different substances are dissolved, 
and thus the oxygen of the water being set free, unites with 
the substances in solution. This process always oxidizes 
bodies that have a strong affinity for oxygen.(^®) 

' 138.' Chlorine bleaches and destroys all the colors derived 

from the animal or vegetable kingdoms. In consequence of 

this property, chlorine has become a most important agent 

in bleaching. Linen, cotton, paper, and other materialsy 

136.' What are some of the properties of chlorine ? What is its effect on a 
mouse or other small animal 7 How may a mixture of chlorine and hydrogen 
be inflamed ? What is the specific gravity of chlorine ! Under what pres- 
sure does it become fluid ? To what extent is it absorbed by cold water ! What 
is the effect of heat on chlorine water ? 

137. Why is chlorine called a supporter of combustion ! What effect has 
this gas upon a lighted taper ? — on phosphorus ? What other examples are 
mentionea of bodies that taae fire spontaneously in chlorine ! In what way 
does chlorine effect the oxidation of bodies ! 
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may now be rendered perfectly wbite by it in a few boor^ 
while, by the old memod of laying them on the grass in 
the smn, weeks^ and even months, were required to pro- 
duce this effect. Chlorine is not, howeyer, used directly, 
as it would be injurious to the health of the laborers, but 
tMoride of lime is employed, a salt from which the chlorine 
is separated by mere exposure to the air.(^®) 

139. Chlorine is one of the best and most powerful sub- 
stances that can be used for the purposes of disinfection ; 
but its use for this purpose requires care. Bleaching pow- 
der, mixed with water, and exposed to the air in diaUow 
yessels, becomes slowly decomposed by the carbonic acid 
of the atmosphere, and the chlorine is evolved. If a more 
rapid disengagement of chlorine be wished, a little acid of 
any kind may be added, but an excess of chlorine is as bad 
as the gases it is designed to remove. It disinfects the air 
by decomposing the noxious gases, uniting with one of the 
constituents, and preemitating the other in the solid or harm- 
less form. Several of the gases to be described hereafter, 
as sulphuretted hydrogen, are decomposed in this way. 

IODINE, 

140. Iodine is an element found in the ashes of sea-weed 
and of sponge. In general characters it is similar to dilo- 
rine. It is a soft, n-iable, opaque solid, of a bluish-black 
color, and metallic lustre. It has a pungent odor, an acrid 
taste, and stains the skin of a deep brownish color. It de- 
stroys to a certain extent the vegetable colors. It is not 
very soluble in water (^^), unless the water is impregnated 
with salt. In this case a larger quantity is dissolved. It is 
soluble in ether and alcohol. Its vapor is about eight azid 
one half times heavier than air (sp. gr. 8*7), hence it will 
remain in a bottle in which it is volatilized, or it may be 
poured by inclinbg the bottle in a stream of dense red 
vapor. 

i'otassium and sodium, and several other bodies, bum in 
iodine. It is therefore regarded as a iupporter vf eombu9* 
tion^ although its agency in promoting combusticm is ex- 
ceediiigly limited.(*') 

138. What is said of the bleachinc properties of eLIorise t What salt ot 
chlorine is eonployed in the process of bleaohing ? 

139. What IS said of chlorine as a disinfectant ! la what nuamtf does ohlo* 
rine disinfect the air ? 

140. Where is iodine ftwnd f What element doea it vesciable in ita gmral . 
character ? What are some of its properties t What ia ttie speeifie graritjr of 
its Yapor 7 Why is iodine regaided as & soppoitaf of <wAMaiioa t 
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141, One of the most characteristic properties of iodine 
is the production of a splendid blue color, with starch. The 
iodine for this purpose must be free or uncombined, and the 
solution of starch cold. To set free the iodine when com- 
bined, it is merely necessaiy to add chlorine water or nitric 
acid, which takes the base, and if this be done in a solution 
of starch, the blue color is instantly produced. By this test 
iodine may be detected in water containing the ^^.^nnr P^rt. 
If a little iodine tincture be dropped upon flour, potatoes, 
&c., the presence of starch in these substances will be at 
once indicated. 

Iodine is consumed in large quantities in medicine. It is 
employed as pure iodine, and as iodide of potassium, but if 
not administered cautiously, and in very small quantities, 
it is an irritant poison. The vapor of iodine is employed in 
rendering daguerreotype pictures sensitive to light, as will 
be explamed hereafter. 

BROMINE. 

142. Bromine is found in very minute quantities in sea- 
water, and in the ashes of certain medicinal plants. It is a 
brownish red liquid of a powerful and sunbcating odor, 
emitting red fumes. This vapor is about six times as heavy 
as air (sp. gr. 5*93). Sulphuric acid floats on the surface of 
bromine, and is used to prevent its escape. It freezes at 
zero into a brittle solid. It causes phosphorus to bum, and 
combines with many metals with ignition. The flame of a 
burning taper, immersed in the vapor of bromine, appears 
red at the top and green below. It is therefore regarded 
as a supporter of combustion^ although most bodies are ex- 
tinguished when immersed in it. It produces a yellow color, 
with starch. 

Both bromine and iodine are the constant attendants of 
chlorine; wherever common salt occurs, whether in the 
earth, the sea, or in mineral springs, small quantities of these 
bodies are found, not in a free state, but combined with 
metals. The diflerent sea-weeds attract these combinations 
from sea-water, and from these sea-weeds iodine and bro- 

141. What is one of the most characteristic properties of iodine ? In what 
state most the iodine be to give a blue color with stafch ! How may it be dis- 
engaged if combined? What is the blue compound thus produced! Ans. 
the iodide of starch. What is said of the delicacy of this test for iodine ! What 
sie some of the uses of iodine ! 

]43. Where is bromine found! What are some of its properties 7 What 
is the specific gravity of its Taper ? What is used to prevent its escape ! At 
wtuA temperature does it become solid? Why is bromine called a supporter 
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mine are extracted. Both these bodies hare poi9Dnous 
properties. One drop of bromine administered to a bird, 
through the beak, is sufficient to cause death. A small 
quantity of bromine imparts a transient yellow color to the 
sVin; a larger quantity produces a yellow and then a brown 
color, which can be removed only with the skin itself. In 
still larger quantity it produces immediate corrosion of the 
part to which it is applied, and violent inflammation. It 
corrodes also wood, cork, and other organic substances, 
imparting a yellow color to them. Like chlorine, it rapidly 
bleaches tincture of litmus and indigo. 

FLUORINE. 

143. It is doubtful whether fluorine has ever been ob^ 
tained in a separate state. Its compounds can easily be 
decomposed, but its remarkable energy of combination 
with the metals, and especially with silicon, a constituent of 
glass, has rendered its isolation very difficult. When one of 
Its compounds is decomposed, it passes almost instantly 
into some other, and cannot be retained in the free state. 
It has been, however, proved to be a gas of a yellowish 
brown color, having the smell and bleaching properties of 
chlorine. It probsubly holds an intermediate place between 
oxygen and chlorine. 

Symbols and combining numbers of the halogens : 

Chlorine, CL 35. 

Iodine, I. 127 (126-57). 

Bromine, Br. 78. 

Fluorine, P. 19. 

. These substances have a far greaUr affinity for hydrogen 
than for oxygen. With hydrogen they form acids (hydro* 
gen acids), and with the metals salts, which are called haUnd 
mUU, to distinguish them from the common or oxygen salts, 

SILICON AND BORON. 

144. Both of these subtances occur in nature only in 
combination with oxygen ; boron but seldom, as in boracic 

of eombastion ? What is said of the origin of bromine and iodine ! What ia 
said of their poisonous and corrosive properties t Does bromine possess bleaeh> 
ing properties ! 

143. Why is it difficult to obtain fluorine in a free state ? What aro some of 
its properties 1 Between what two gases is it supposed to belong? Write 
the symbols and combining numbers of the halogens. What kind of acids do 
these elements form 7 What are their salu called ! Why aie they so oaUad f 
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acid» or borax, aud silicon yery abnndantl jf as *i]i sandt 
quartz, and almost all kinds of stones. 

Silicon has a nut-brown color. Heated in the air it burns^ 
but it is never more than partially converted into silica. 
It also bums when heated in the vapor of sulphur, and in 
chlorine. By heat alone silicon is changed to an alloiropie 
form, or to a form possessing the same composition but 
different properties. It becomes, when heated, darker col* 
ored, denser, and incombustible even under the compound 
blowpipe. This change in its properties takes place when 
heated without contact of air, or in a covered crucible. 

Boron is a dull greenish-brown powder. When heated in 
the air, or in oxygen, it bums with a vivid light, scintillating 
powerfully, and forms by its combustion boracic acid. It is 
at once attacked by nitnc acid, chlorine, alkalies in a fused 
condition, and other agents. When mixed with saltpetre 
and heated, it explodes. 

Symbols and combining numbers of the hyalogens : 

Silicon, Si, 22.* 

Boron, S, 11. 



ACID COMPOUNDS OP THE NON-METALLIC 
ELEMENTS. 

145. The compounds of the non-metallic elements may 
be divided into acid, neutral, and alkaline. By the term 
acid is meant a substance that is sour, reddens vegetar 
ble blues(^'), and neutralizes the alkalies.(^^) Alkaiies 
are those substances that have an acrid taste and caustic 
properties; that change vegetable blue infusions to green, 
or yellow to brown, and that neutralize acids.(**) Neutral 
substances are those which possess neither the pi'operties of 
acids nor alkalies, and are sometimes produced by the action 
of acids on alkalies, by which the peculiar properties of each 

144. What are the sources of silicon and boron ? Do they ever occur ex- 
cept in combination with oxygen ? What are some of the properties of silicon f 
How do the two forms of silicon differ from each other t How may the second 
form be produced from the first ! What are some of the properties of boron f 
Write the symbols and combining numbers of the hyalogens. 

145. in what manner may the compounds of the non^fnetallic elements hm 
divided * What is meant by the term acid T— alkali ? What is a neutral sub- 
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compofient are destroyed in the resulting compoand. . These ' 
substances are called salts, and form a very important class 
(rfbodie8.(*«) 

146. The most important of the acid compounds of the 
non-metallic elements are, sulphurous and sulphuric, nitrous 
and nitric, phosphorous and phosphoric, carbonic, hydro- 
chloric, chlorous and chloric, hyposulphuric or sulphuretted 
hydrogen, hydrofluoric, and silicic. 

Sulphur. Oxygen. Symbol. 

Sulphurous acid, 16 16 SO2 

Sulphuric acid, 16 24 SO3 

147. Sulphurous acid is found in the neighborhood of vol- 
canoes, both in the gaseous state and in springs. It is the 
only product of the combustion of sulphur in the air, or in 
oxygen gas. It is most conveniently prepared by heating 
copper clippings, or metallic mercury, with sulphuric acid 
in a retort. The copper, or mercury, decomposes the sul- 
phuric acid, takingonethird of its oxygen, and the sulphuric 
acid becomes sulphurous. In numbers^ from SO3 (sulphuric 
acid) take O, there remains SO, (sulphurous acid.) 

c 1 I. • ( 2 oxygen — ~::::^ Suphurous acid. 
Sulphuric \ ^^^^il^^--^ (P««»ff«c«., 

' (oxygen:^^ 
Copper ^ — oxide of copper. 

^"V,,,,^ (unitm with ralphuric acid to fonn snlpli. oTcopper.) 

Sulphuric acid sulphate of copper, soluble salt. 

(renutiiw ia solotion.) 

148. Sulphurous acid is a colorless gas, having the pecu- 
liar suffocating odor of burning brimstone. It is acid in its 
taste, and reddens litmus paper, or vegetable blues. It has 
the power of checking vinous fermentation, and it is there- 
fore employed in the process of brewing and mixing wine. 
It also possesses bleaching properties. Litmus paper after 
b^ing reddened by the acid fumes, is slowly bleached.(*'^) 
The fumes of burning sulphur are employed to whiten straw 
and to bleach silk, and they also impart to these substances 
a peculiar gloss. The coloi*s are not, however, dettroyed^ 
for they may, in general, be restored by the application oif 
a stronger acid, or an alkali. Sulphurous acid extinguishes 

147. Write the cora{iosition and NymLiol of sulphurous acid ; — sulphuric acid. 
Where is sulphurous acid found in nature ? How is it easily produced ? Des> 
cribe this method by which it is prepared for experiment. 

148. What are some of the pmperties of sulphurous acid t For what pur- 
poses U it sometimes employed ! Does it desttoy vegetable colors pex.manen(- 
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burning bodies, fhe burning soot of a foul chininej may 
be extinguished by throwing sulphur on the fire, and thus 
fiUin? the chimney with the fumes of sulphurous acid. It is 
speedily destructive to animals placed in it.(*'*^) It is the 
easiest of all gases to condense into the liquid form, requiring 
for this purpose only to be passed in a dry state through a 
glass tube surrounded by a freezing mixturo of snow and 
salt. The same effect may be produced by exerting on it a 
pressure of two atmospheres while at the freezing point. 

Water at CO^ is capable of dissolving nearly 50 times its 
volume of sulphurous acid, forming a strongly acid fluid. Its 
avidity for moisture is so great, that it forms an acid foor 
with the moisture of the atmosphere, and a bit of ice slipped 
under ajar of sulphurous acid is instantly melted and absorbs 
the gas, the mercury rising to fill the jar. 

149. Sulphurous acid is easily converted into sulphuric. 
All that is required is the presence of oxygen gas and 
water. A mixture of sulphurous acid and oxygen may be 
kept for a long time over mercury without chemical action; 
but if water be admitted, sulphurous acid gradually unites 
with the oxygen, and is converted into sulphuric acid. 
This property of sulphurous acid is of great importance, as 
on this the process for making sulphuric acid, on the large 
scale, depends. From its affinity for oxygen, sulphurous 
acid decomposes the solutions of those metals which have a 
weak affinity for oxygen, such as solutions of gold, silver, and 
mercury (with heat), and throws down these bodies in a 
metallic form. By nitric acid it is immediately oxidized 
and converted into sulphuric acid. 

150. Sulphuric add. This is the most important of all 
the acids. It has all the acid propeities in a high degree. 
When pure, it is a limpid, colorless fluid, nearly twice as 
heavy as water. It boils at 620°, and freezes at 15°. When 
combined with water, so that its specific gravity is 1*78, it 
freezes at as high a temperature as 40^, but any further 
addition of either water or acid, causes the temperature of 
its freezing point to sink, i 

ly ! What effect does it produce on barning bodies ? How may a liurning 
chimney be extinguished ? What is its effect on animal life ? . how is it con- 
densed into the liquid form ? I'o what extent is sulphurous acid abaN>rl)ed by 
water ? What in said of its avidity for moisture ? 

149. What is necessary for the conversion of sulphurous acid into sulpharief 
By what exfieriment is this illustrated ? What effect has sulphurous acid on 
scriutiuns of metals which have a weak affinity for oxygen ? - How does at da- 
compose these solutions ? Jn %« hat form are the metals thrown down ? 

IdO. What are some of the propeities of sulphuric acid ! 

9 
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161. The proc^sft for the fnaMUfkctiire of iulphuri^ oeid, 
dependd u{K>n a property of Bulphurotis acid mentioned above, 
viz., that of being readily converted into sulphuric acid, by 
the presence of both oxygen and water. To understand thid 
]procefi8, it will be necessary to learn first, the source of the' 
iBulphurottS acid ; secondly, that of the oxygen ; and thirdly, 
that of the water. 

A and B (Fig« 53.) are two furnaces; C and D two gas 

chambeiB. Onthefloot 
^*8- *^- of the furnace, B, sul- 

phur is strewn. This i6 
set on fire, and the fumes 
thus produced are sul- 
phurous add, which pass, 
through the chimney, h, 
into the chamber, O. In the furnace, B> is seen a tripod, 
Und upon this an iron dish* This iron dish, or capsule, con- 
taiins sulphuric acid and saltpetre. The flame of the sul- 
phur beneath the capsule, causes nitric acid gas to be given 
off (from the decomposition of the saltpetre, or nitrate of 
potash), which also passes through the chimney, h, Thi6 
ts the source of the oxygen, the second element to be ob- 
tained, for nitric acid contains a large amount of oxygen 
(p. 96), and this is absorbed and taken away from the nitrie 
acid in the process. 

Finally^ water is obtained in the form of steam from thi6 
boiler, A, and passes through the pipe, g, into the chamber, 
C. In this chamber, ther^re, are all the substances neces- 
sary for the composition of sulphuric acid ; — the sulphMrouk 
kieid from the burning ftulphur in B ,* — ^the oxygen from the 
nitric acid gas formed by the materials in the iron capsule ^-^ 
the watery vapor from the boijer, A. These unite in G, 
and any excess flows into a second diamber, D, &e. The 
ttcid collects on the floors of these chambers. Wheh il has 
a^ttained a certain degree of strength, which is regulated by 
kdinitting more or 1^ steam into the chamber, it ib drawn 
off and concentrated by evaporation ; first in leaden pans, 
and afterwards in stills of platinum, until it attains a specific 
gravity of about 1*84. It is then transferred into carboys, or 
large glass bottles fitted into baskets, and ready for sale. In 
(Grreat Britain, the manufacture of sulphuric acid is one of 
great national importance, and is carried on to a vast 
extent. 



151. Explain Fig. 53. 
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152. The atttacticm of sulphuric acid for bases* is such, 
that it separates and expels all other acids from their combiii* 
ation8.(^^) Its affinity for water is so great, that it absorbs 
it from the atmosphere. When dilute acid is boiled, pure 
water is given off at first, and no acid vapor mixes with the 
vapor of water till it is brought to the proportion of 2 atomS' 
of water to 1 of acid, when the acid evaporates unchanged. 
When mixed with water, the volume of the mixture is con- 
densed, and its temperature rises above the boiling point of 
water, so that water placed in a small test tube, in this mix- 
ture, boils ; a test tube containing alcohol, or ether, will boil 
more violently .(®®) 

A contrary effect is produced by adding sulphuric acid to 
Cfnow.t The most intense cold is instantly produced by the- 
sudden change of the snow to the liquid form of water. 
Water added to snow dissolves it but gradually, but the 
acid melts a large quantity at once, and the great amount, 
of heat which thus becomes latent, is absorbed from the 
bodies with which the snow is in contact. 

153. Sulphuric acid chars and destroys most vegetable 
and animal substances. If a piece of wool be^ introdu- 
ced into this acid, it grows black, and is reduced to coal, 
almost as if it had been exposed to the flame of a lamp. 
The sulphuric acid seizes upon its hydrogen and oxygen, 
which combine to form water, and unite with the acid, 
while the carbon remains. Wood may be charred in this 
way, in order to protect it from decay in moist situations. 
In the refining of burning oil, the slime of the oil is charred 
by sulphuric acid. 

Sulphuric acid may be detected in exceedingly small 
quantities by any of the soluble salts of barium. If a few 
drops of the acid be added to a test tube, or a wine glass of 
water, and a little baryta water be added, a dense white pre- 

* The substances 'with which acids combine, either alkalies, earthy 8Ul>» 
stanees, or metallic oxides. 

. t One part of sulphuric acid with one part of snow, evolves heat ; with ona 
and one quarter parts of snow, no change of temperature occurs, and with a 
larger quantity intense cold is produced. 

; 

152. What is said of the attraction of sulphuric acid for the bases of salts! 
What is said of its affinity for water ? What takes place when water is added 
to sulphuric acid? Ans. — The volume of the two substances is diminished 
and the temperature rises above the boiling point of water. What effect is pro- 
duced by adding sulphuric acid to snow I To what is the intense cold of thii 
mixture owing ! 

153. What is the action of sulphuric acid on animal and vegetable substances ? 
Why is wool blackened and charred by sulphuric acid ? What tests are em- 
ployed to detSQl sulphuric acid I How much sulphuric acid is indicated by 
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eipicate is formed. Every 100 grains of tbis precipitate in- 
dicate 34 grains of sulphuric acid. Water containing the 
jms^fnrs P^^^ ^^ sulphuric acid, is rendered slightly turbid 
uy the addition of nitrate of baryta ; and water containing 
^°® TiTb^^^Ti P'^' ^ slightly clouded after the lapse of 15 or 
20 minutes. 

154. If a meadow or iield be irrigated with one pound of 
sttlphunc acid, diluted with 100 pounds of water, the soil 
will be rendered more fertile and productive. The sul- 
phuric acid acts to decompose and render soluble several 
kinds of earth, and the soluble sulphates thus formed are 
absorbed by the plants, and accelerate their growth. If 
only 10 times diluted, sulphuric acid has the contrary efiect, 
and may serve for destroying grass, and weeds in alleys, See, 

Sulphuric acid probably exists combined with the water 
<^ certain volcanic springs. It is found in large quantities^ 
both in the organic and inorganic kingdoms* 

NUrogen, Oxygen, Symhoi. 

Hyponitrous acid, 14*06 24 NO,. 
Nitrous acid, 14-06 32 NO4. 

Nitric acid, 1406 40 NO5. 

155. Hyponitrous ctcid. This substance is important (mly 
in its relations to nitric oxide ; it will therefore be consid- 
ered, in connection with that gas hereafter. 

156. Nitrous add in obtained by the action of niti*ic acid, 
diluted with about two parts of water, on metallic copper, 
with the presence of air, from which oxygen is absorbed 
during the process. 

C oxygen — ^ ^^^-^ ' Nitrous acid. 



Nitric acid, < nitrogen- 

( oxygen 
Copper ^^r — oxide of copper. 

^V^^^ (unite* with nitric acid ) 

Nitric acid — -^nitrate of copper, soluble salt. 

(nmaiosia Kduttoa.) 

The gas is copiously evolved, and may be collected in dry 
vessels by the displacement of air. It has a characteristic 
orange red color. It cannot be breathed, and excites great 

100 grains of its precipitate with baryta ? What is said of the delicacy of 
the test with nitrate of haryta \ 

154. Why is a rery weak solution of sulphnric acid favorable to the growth 
of plants ? What effect has a strong solution ? Where is it probable that sul- 
llhuf ic acid exists ! Wheie is it found in large quantities \ 
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irritation in the throat and lungs, eren when diluted with air. 
Bodies which bum with great intensity, as phosphorus, de- 
compose this gaS, and therefore their combustion is continued 
by the great amount of oxygen which it contains. Ignited 
charcoal produces the same effect, but a taper, or burning 
sulphur, will be extinguished. Its density is 1*451, air 
being 1,000 ; it is therefore about one half heavier than air. 
The power of water to absorb this gas, may be shown 
while the gas is collecting, by stopping the neck of the re- 
ceiver around the glass tube vnth wet cotton or sponge. 
Even after the receiver is full of gas, none will escape into 
the room, the excess being absorbed by the wet cotton.(®^) 
Nitrous acid destroys life. An animal dropped into this gas 
instantly dies. 

The relations of nitrous acid to light are very remarkable. 
When its temperature is very low it is nearly colorless, but 
it takes an orange tint as the degree of heat increases, and 
finally become almost black. If it is examined while under- 
going these changes, by passing a ray of light through it, and 
analyzing the ray by means of a prism, a great number of 
dark lines are found in the resulting spectiiim ; as the tem- 
perature rises, these increase so much in number and in 
breadth, that the light finally becomes obliterjated. 

157. Nitric add is the most important compound of oxy- 
gen and nitrogen. When pure it is perfectly colorless, but 
when exposed to the rays of the sun it becomes yellow from 
partial decomposition, and, on loosening the stopper of Xhp 
bottle, it is projected with force bv the gas produced by de- 
composition. To preserve the acid colorless, it must be kept 
in a covered bottle.(®2j xhe yellow color may be driven 
off by heat, and the acid rendered again colorless. It is 
intensely corrosive and sour, and fumes when exposed to 
the air. It is one half heavier than water (sp. gr. 1*51). Its 
action on metallic and other combustible bodies is exceed- 
ingly violent, owing to the great amount of oxygen which it 
contains. A little water must, however, be present in the 
acid, as very strong acid seems to have but little power in 
this respect. Organic substances, also, as sugar and starch, 
decompose with nitric acid and cause an evolution of abun- 

155. Write the composition and symbols of hyponitrous, nitrous, and nitric 
mcids. Explain the method of obtaining. nitrous acid. What are some of ita 
properties ! What bodies bum in nitrous acid ? What other properties of ni> 
trous acid are mentioned ! What is its effect on animal life ? What is said of 
it» relations to light ! 

157< What are some of the properties of nitric acid ? In what manner may 
this acid be presenred colorless? How may its yellow color bedriv^Bofff 

9* 
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dance of red £iiineB.( * ' ) It boils at 248'', and freezes at about 
40® below zero. When diluted with half its weight of water 
it becomes solid at 12® below zero, and with a little more 
water its freezing point is again lowered to — 45°. It causes 
ice and snow suddenly to melt, producing intense cold. 
Hence this is one of the most common freezing mixtures. 
It will sink the thermometer from 12^ above to 30® below 
zero. 

Nitric acid cannot be isolated from water, or from th« 
bases with which it is combined. It is doubtful whether the 
'prapoTtion of constitutional water with which it is combined, 
can be reduced below 13 equivalents. It attracts moisture . 
from damp air, and increases in weight. When suddenly 
mixed witn J its weight of water, it rises in temperature from 
60® to 140°. The large amount of oxygen which nitric acid 
contains it yields with great facility. It is, therefore, very 
useful to the chemist in processes for obtaining oxygen, or 
in imparting oxygen to other substances, as in the formation 
of several of the acids. Nearly all the metals are oxidized 
by it, and some of them with extreme violence ; such as 
copper, mercury, and zinc, in the concentrated acid. It is 
much used in the arts by engravers for etching their copper 
plates, in the solution of metals, and in dyeing. It has also 
important uses in medicine. In its concentrated state it is 
a deadly poison, corroding and destroying the animal organs. 
It cannot be detected by the precipitation of its compounds, 
since these are all soluble. One of the best tests is its power 
of bleaching sulphate of indigo, when boiled with that liquid; 
to remove doubt from the result, it is necessary to decide 
that chlorine is not present, which may be done by the tests 
for chlorine. The tint which nitric acid gives to hydrogen 
flame, is one of the means for detecting its presence. For 
this purpose a few fragmants of zinc and sulphuric acid are 
added to the nitrate or the body supposed to contain nitric 
acid. If nitric acid be present, on setting fire to the hydro- 
gen formed from the zinc and sulphuric acid, a greenish 
tinge will be given to the flame. Another test for nitric acid 
is the formation of aqtia regia* when hydrochloric acid is 

* A mixture of nitric and hydrochloric acid, which will dissolve gold and 
platinum. 

What is said of its action on melallic and other combustible bodies ? What is 
essential to this action ? What ia its action on organic substances ? What 
other properties of nitric acid are mentioned ? Can nitric acid be separated 
from water or the bases with which it is combined ? What is meant by tho 





Oxygen. 


Symbol 


31-38 


24: 


PO3. 


31-38 


40 


PO,. 
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added to its solution. If this is formed by the addition of 
hydrochloric acid, which may be determined by placing some 
gold leaf in the solution, nitric acid is present. 

Nitric acid forms transparent colorless crystals of great 
brilliancy, having the form of prisms with six faces. (166.) 
When slowly deposited from a current of gas, they attain a 
considerable size. They melt at a little above 85° and boil 
at 113®. When water is added they dissolve completely, 
causing a great rise of temperature. 

Phosphorous acid. 
Phosphoric acid, 

158. Phosphorous add. The white fumes which arise 
from the slow combustion of phosphorus are phosphorous 
acid. It is also formed when phosphorus is burned in a very 
limited supply of air or oxygen gas. It is an acid of very 
little importance. It forms white and very bulky masses, 
easily volatilized and sublimed, having a very strong affinity 
for water, which it absorbs, together with oxygen, from the 
air, and gradually becomes phosphoric acid. It has a garlic 
smell. Its solutions are sour, and it forms well determined 
salts. It is, therefore, strongly acid in its properties. On 
account of its strong affinity tor oxygen, the solution of this 
acid is sometimes used as a deoxidizing agent. 

159. Phosphoric acid. The method by which nitrogen 
and phosphoric acid are prepared at the same time, has been 
described under the head of nitrogen. (108.) This acid is a 
colorless gas, possessing strongly the acid properties. If it 
be collected froip the inside of a jar in which it is formed, and 
quickly put into a dry watch glass, and a few drops of water 
be added to it, the water and the acid will combine with 
explosive violence, producing great heat, accompanied by a 
hissing soimd. Once in a state of hydrate, the water cannot 
again be separated from it. This acid is not poisonous, 
neither does it coiTode the skin. At a high furnace heat, 
charcSal decomposes phosphoric acid by abstracting its oxy- 
gen, and the phosphorus sublimes. This may be collected 
by immersing the neck of the retort under water. 

phrase water of constitution? Ans. That water, without which the body can> 
not exist, or a separation from which is always attended by its decomposition. 
What is said of the relations of nitric acid to oxygen ? What uses are made of 
nitric acid ? What are some of the tests for this substance ? 

158. Write the composition and symbols of phosphorous and phosphoric 
acids. How is phosphorous acid formed ! What are some of its properties ? 

150. How is phosphoric acid produced ! What are some of its properties ? 
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Carbvm. Owygtn, Sf^ntboL 

Cabronic acid» 6 16 GO,. 

160. For preparin<af carbonic acid, a wide-mouthed bottle, h^ 
(Fig. 54.) is provided with a bent tube, c, passing through its 
cork, and a funnel tube,y! Pieces o£ white 
marble, or chalk, are placed in the bottle, ^^ '^"^ 
which is then stopped, and a little water 
poured in through tne funnel. When the 
end of the funnel tube is covered with wa- 
ter, hydrochloric acid is added, and the eas 
comes over and may be collected in dry 
bottles, as represented in the figure. A 
piece of pasteboard is placed over the bot- 
tle to prevent the agitation of the air from 
affecting the gas within. 

Carbonic acid is colorless and inodorous, and about a half 
heavier than air, (sp. gr. 1'524).(® * ) Even when diluted with 
three times its volume of common air, it extinguishes a 
' candle. By the pressure of 36 atmospheres, or 540 pounds 
to the square inch, it may be convertea into a liquid. When 
the pressure is removed, the liquid resumes the gaseous 
state with such rapidity as to freeze that which is left. This 
sudden expansion into the gaseous state absorbs so much 
sensible heat, or converts so much sensible heat into latent, 
that bodies with which it is in contact are reduced to a tem- 
perature of 148° below zero. 

At — 85° carbonic acid is frozen into a white flocculent 
mass, resembling snow, and compressible like that substance. 
When exposed to the air, the acid disappears in a few min- 
utes, and often leaves behind a small quantity of water, con- 
densed from the air by the cold. If the snow is touched 
with the finger, when resting on a smooth surface, it glides 
quickly forward, as if supported by a stratum of gas. A 
piece of solid carbonic acid pressed upon the skin of an 
animal, stops the circulation at the point of contact by the 
cold which it produces, forms a white spot, and after ^fbeen 
seconds, a blister. If some of the snow is introduced into a 
capsule containing- mercury, and wet with ether, the mer- 
cury is frozen solid, and can be hammered and drawn out 
like lead. If it is moistened with ether in a vacuum, a cold 
of — 174° may be obtained. 

At common temperatures and pressures, water absorbs its 

] 60. Write the composition and symbol of carlx>nic acid. Explain Fig. 54. 
What are some of the properties of carbonic acid ? At common temperatarM 
and pressures how much carbonic acid does water absorb T What effect does 
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own' volume of carbonic acid; under a pressure of two 
atmospheres it absorbs twice its own volume, &c. It is 
found in mineral springs, to which it imparts their efferves- 
cence, and their slightly pungent taste. The insipid character 
of boiling water is owing to the absence of carbonic acid. It 
does not support combustion, and is hostile to life.(**) If 
three jars be placed alongside of each other, one containing 
carbonic acid, the second oxygen, and the third common air, 
a candle will be put out in the first, relighted in the second, 
and will bum as usual in the third. Ignited potassium, how- 
ever, burns in carbonic acid by decomposing the gas, taking 
the oxygen and depositing the carbon m a fine black powder. 

The Grotto del Cane,* in Italy, is a cave so called be- 
cause a dog is used to show the effects of the carbonic acid 
within the cave. It is situated on the bank of a lake, and a 
stream of warm water flows from it, accompanied with 
vapor and smoke. Above the water, and on its surface, a 
stratum of carbonic acid rolls out from the cave. Being 
heavier than air, this does not rise, and therefore a man may 
walk in the cave and experience no inconvenience, but a 
dog soon drops down and dies unless drawn out to the air. 
So perfectly distinct does the stream of gas flow out from 
the cave, and to a distance beyond it, that the smoke above 
the current marks its course, and rises and falls with the 
inequalities of the ground. 

Carbonic acid is produced in all. the processes of fer- 
mentation, and it is this gas which gives tne foam and life 
to beer and other fermented drinks. In raising bread, car- 
bonic acid is generated by the fermentative process ; and in 
baking, this, becoming entangled in the dough, renders the 
bread Hght and porous. It is also produced in the ground 
by the fermentation of animal and vegetable matter. This 
is the origin of the choke damp of wells. Many accidents 
have occurred from persons descending into such wells. 
Meeting with carbonic acid they are suffocated, and fall into 
the wjll. A candle should always be let down into a well 
before descending into it. If the candle goes out, the air of 
the well is charged with carbonic acid. Even if the candle 
does not go out, the air may be so contaminated with car- 

* Grotto of the dog. 

the presence of carbonic acid in mineral springs produce ! — in Common water? 
What are the relations of carbonic acid to combustion and life ? What sub- 
stance bums in carbonic acid 1 How does the combustion of potassium in car- 
bonic acid take place ! Descrii« the ii.vtodel lane in Italy? In what pro- 
aesses is carbonic acid produced ? In what manner is bread rendered light f 
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bonic acid as to render it injurious if breathed for a long 
time. This gas may be removed from wells by lowering 
down a quantity of recently igpited charcoal, or quicklime 
mixed with water. It may also be pumped out by a pump 
furnished with a leather hose. 

Carbonic acid is one of the products of the combustion of 
our fires. As this, and all the other gases given off in com- 
bustion, are deadly in their nature, great care should be 
taken that none of the fumes from stoves or fire-places escape 
into the room. When charcoal is burnt, it should be under 
the draught of a chimney. Many persons have lost their 
lives from the fumes of charcoal burning freely in a room. 

The affinity of carbonic acid for most bases is so weak 
that it is driven off by heat. Lime is made in this way by 
roasting limestone (carbonate of lime), by which the car- 
bonic acid is driven off, and caustic lime left. 

Carbonate of lime is soluble in water containing carbonic 
acid, but when the carbonic acid is driven off from such 
water, or diminished by heat or otherwise, the carbonate of 
lime is deposited. From this cause arise the vast calcareous 
de{K>sit8 and concretions called stalactites, stalagmites, dec, 
which are found in caverns and similar places.(^^) 

The presence of carbonic acid is always determined by 
adding any other acid. If present it will be indicated by 
its effervescence, or by the sparkling appearance on the sides 
of the glass, or on the surface of the hquid. 

Hydrogen. Chlorine, Symbol, 

Hydrochloric acid, 100 35-41 HCL 

161. This acid is formed by the action of dilute sulphuric 
acid on common salt. A little heat is applied, and the gas 
is collected in dry vessels by the displacement of air. 

Chloride of ( chlorine —^Hydrochloric acid, 

Sodium, ( sodium >^ ^^y"^'^ (PM8«offm|»«.) 

Water, \ hydrogen 

Sulphuric acid — ^sulpb. of soda, soluble salt. 

(retoaias ia oolutioa.) 



\ oxygen -N;;;^ — oxide of sodium, soda. 

(anilM with sulpbunr. acid.) 



What 18 the choke damp of wells t How may its fatal effects be avoided? 
1 18 another source of carbonic acid ? Should charcoal or any other fuel 
ever be allowed to burn freely in a room ? How may carbonic acid be driven 
nLj°"i f ^^'^^r**^'^ How are the stalactites and other calcareous con- 
mfned? of. caverns formed ? How may the presence of carbonic acid be deter- 

i&U Write tJie composition and symbol of hydrochloric acid. Explain the 
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. In the arts, bydrocbloric acid is made in connection with 
other processes, particularly in the manufacture of carbon^ 
ate of soda from common salt. It was formerly allowed to 
escape into the air, but it was found to produce such delete- 
rious effects upon the vegetation and the animals in the 
vicinity, that it was required by law to be condensed. It 
was sometimes detected in the air at the distance of two 
miles from the manufactory. Such quantities are now man- 
ufactured as greatly to reduce its price, and sometimes eveH 
to overstock the market. 

Hydrochloric acid may be produced by the direct union 
of its elements, or by synthesis. When equal measures of 
chlorine and hydrogen are mixed together, and an electric 
spark passed through the mixture, mstantaneous combus- 
tion takes place, and hydrochloric acid is formed. Light 
also causes them to unite.(^^) If the mixture be placed in 
the direct rays of the sun, a sudden union of the chlorine 
and hydrogen takes place, attended with flame and explo- 
sion. The vivid galvanic light on charcoal points (83), pro- 
duces the same effect. The mixed gases may also be 
exploded by amatch.(^^) 

When pure, hydrochloric acid is a colorless gas, with a 
pungent odor, and a sour taste. It is somewhat heavier 
than air (sp. gr. 1*269). By a pressure of 40 atmospheres, 
at 50^, it is condensed into a liquid of specific gravity 1*27. 
It cannot be breathed ; but when diluted with air it is far 
less irritating than chlorine. It extinguishes combustion, 
and is not itself combustible. One of the most striking 
properties of hydrochloric acid, is its great attraction for 
water. A white cloud appears whenever it escs^es into 
the air, owing to its combining with the invisible vapor of 
the ybr, and precipitating that vapor. A piece of ice put 
into a jar full of tnis gas, disappears in a few moments, and 
if the jar stands over mercury, this rises in tlie jar to the 
top, the water of the melted ice absorbing the gas com- 
pletely. On opening a wide mouthed jar of hydrochloric 
acid under water, the absorption of the gas takes place sO 
itistantaneously, that the water is forced up into the jar with 
the same violence as into a vacuum. Heat is produced in 
this experiment by the condensation of volume which the 
gas undergoes. 

process by which jt is obtained. How is hydrochloric acid generally manufac- 
tured in the arts ! How may this acid be formed by synthesis ? What are 
) of its properties ? Mention some of the properties of liquid bydrochlorio 
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Liquid hydrochloric acid, like the gas^ is colorless when 
pure. It emits white vapors when enosed to the air, and 
possesses the acid properties in a high degree. Like sul* 
phuric and nitric acids, when mixed with water it raises its 
temperature by a condensation of volume. It boils at llO^y 
and freezes at 60^ below zero. With nitric acid it forms 
aqua regia. The properties of this compound are not those 
of the acid mixture, but of the chlorine wbich is set free, and 
which, in its nascent state (p. 64), dissolves eold and platinum. 

Hydrochloric acid is a valuable aeent m medicine. Be- 
sides being used in the liquid form, like other medicines, it is 
used in the easeous state as a disinfecting agent. For this 
purpose, it is common in hospitals and in other places of 
disease, to liberate the hydrochloric acid from common salt 
by means of sulphuric acid. In the arts it is used chiefly 
by the dyers in forming colors, and in obtaining chlorine 
gas (135.) for bleaching. It possesses also valuable anti- 
septic properties (^®), and bleaching powers to some ex- 
tent.^*") In the laboratory it is very valuable in producing 
chlorine, in dissolving a great number of metals, and in 
testing for bodies in chemical analy8is.(^^) 





Chlorint, 


Oxygm. 


SynM 


Chlorous Acin, 


35-41 


32 


CJO4. 


Chloric acid. 


35-41 


40 


CIO4. 



162. Chlorous acid is obtained by the action of sulphuric 
or hydrochloric acid on chlorate of potash. The chlorate of 
potash is made into a paste with sulphuric acid previously 
diluted with half its weight of water, and cooled; this is in- 
troduced into a small glass retort, and very cautiously heated 
vnth warm water ; a deep yeUow gas is evolved, which may 
be collected by displacement of air or over mercury. 



\ chlorine -—::==^ Chlorous aced. 

oxygen -^- (i»M«««ffMfM,) 

oxygen 

chlorine^S;- hyperchloric acid, (CLO,). 

X. (uuitM witli potMh.) 

potash ^s— — hyperchlorate of potash. 

Q,, 1—1- • ^ • n ^*S^ (dwMlred in ■ulphuric arid.) 

Sulphunc acid -^sulphuric acid solution. 



Chlorate 
of potash. 



pliS^thrr i!Ll!l! ®TP?"'^»<'? ^^ symbol, of chlorons and chloric acids. Ex- 
pHun lae piocess for obtaining chlorous acid. W hat are some ot the proper 



proper- 
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Chlorous acid has a powerful odor, quite different from that 
of chlorine, which it resembles in color and density. Water 
dissolves 5 or 6 times its volume of this gas, assuming a 
golden yellow tint of considerable intensity. It is exceed- 
ingly explosive, being resolved v^ith violence into its elements 
by a temperature short of the boiling point of water. A rag 
wet with the oil of turpentine at once explodes it. Phospho- 
rus takes fire spontaneously in chlorous acid. Its specific 
gravity is not quite as great as that of chlorine, being 2*36, 
while that of chlorine is 2*47. It may be liquefied by pres- 
sure. Water absorbs chlorous acid freely. The solution 
possesses bleaching properties. 

When a mixture of chlorate of potash and sugar is touched 
with a drop of sulphuric acid, it is instantly set on fire, the 
chlorous acid diseYigaged being decomposed by the sugar 
(which takes away its oxygen) with sucn violence as to set 
it on fire. If a piece of phosphorus and some chlorate of 
potash be placed in the bottom of a wine-glass, and the 
wine-glass filled up with water, the phosphorus may be fired 
beneath the water by pouring, through a long funnel tube, 
sulphuric acid upon the mixture. In this experiment the 
sulphuric acid produces heat, and evolves chlorous acid 
from the chlorate of potash, which sets fire to the phos- 
phorus. The mixture, at the same time, becomes yellow, 
nrom the chlorous acid disengaged, and it also acquires the 
odor of that gas. If strong sulphuric acid be poured upon 
a small quantity of crystals of chlorate of potash in a 
wine-glass, a violent crackling is heard, and the glass is 
soon filled with the heavy yellow vapor of chlorous acid, 
which at once inflames a rag wet with turpentine, and pro- 
duces a smart explosion. 

163. Chloric acid is formed by adding dilute sulphuric 
acid to a solution of chlorate of baryta as long as it occa- 
sions a precipitate. This precipitate is suffered to subside, 
and the liquid contains chloric acid in solution. 



Chlorate 



.) 



chlorine — :r?» Chloric acid. 



baryta. ^. oxygen -^ ,,^-^u^. 



) baryta ■ ^.^^ 
Sulphuric acid —^i^sulph. of baryta, insoluble salt. 

(precipitated ftom ■olation.) 

ties of this acid. When salphuhc acid is dropped on a mixture of chlorate of 
potash and sugar, why does the sngar take fire f How may a mixture of phos- 
phorus and chlorate of potash be fired beneath water ? What effect is produced 
by pouring strong sulphuric acid on chlorate of potash in a wine-glass ? 

10 
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The clear liquid, containing chloric acid, may be poured 
off and carefully condensed by evaporation. In this state* 
its affinity for combustible matter is so great, that it immedi- 
ately inflames any substance containing carbon orhjfdrogen, 
with which it comes in contact. Like nitric acid, it cannot 
be isolated from water or a fixed base. The compounds of 
chloric acid, or the chlorates, are easily recognized. They 
give no precipitate with nitrate of baryta or silver. They 
also evolve pure oxygen when heated, and deflagrate on 
charcoal. When treated with sulphuric acid they evolve 
chlorous acid. 

Hydrogen, Stilphwr, SymhoL 

Hydrosulphuric acid, I'OO 16'00 HS. 

164. This gas is also called sulphuretted hydrogen. There 
are two methods by which it can be readily prepared. In 
the first, dilute sulphuric acid and sulphuret of iron are 
employed; in the second, hydrochloric acid and the sul- 
phuret of antimonv. The first process yields the gas most 
easily, the second m the purest state. 

Protosulphuret of iron is put into the apparatus used for 
carbonic acid, (Fig. 54.) Water is poured in through the 
iunnel tube,^ sufficient to cover the bottom of the tube ; 
sulphuric acid is then added until a copious disengagement 
of gas takes place through the tube, c, which may be col- 
lected in a bottle partly filled with water. 

Sulphuret ( sulphur — Sulphuretted hydrogen. 

of iron, ) iron v/^ (p—offM^..) 

Water, j l^y<irogei><^ 

I oxygen a^-— oxide of iron. 

>^ (onitM with ralpharic acid,) 

Sulphuric acid ^sulphate of iron, soluble salt. 

(renwiu in Mlotioii.) 

The same arrangement may be employed to generate sul- 
phuretted hydrogen by the second process. A flask should 
be substituted for the bottle, as heat is to be applied. 

Hydrochloric / hydrogen — — ^Sulphuretted hydrogen. 

acid, \ chlorine^>^ (P-^off...-.) 

Sulphuret of ( sulphur ''^^^ 

antimony, ( antimony — —^chloride of antimony, sol. salt. 

(ramaioii in flolntaon.) 

163. Explain the process for preparing chloric acid. Mention some of tha 
properties of chloric acid. In wnat way may the chlorates be detected T 

164. Write the composition and symbol of hydrosulphuric acid. By what 
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Sulphuretted hydroeen is a.oolorlefls ^as, of a strong and 
▼ery nauseous odor. This smell is perceived in the water of 
sulphurous springs, where this gas is formed abundantly. It 
is suso formed when wet coal is thrown on the fire.* It is a 
little heavier than air (sp. gr. 1'171). ('*) It has feeble acid 
properties. Under a presure of 17 atmospheres, at 50^, it 
becomes a highly limpid colorless liquid of specific gravity 
O'd. At— -122<^ it is frozen into a white crystahne translucent 
substance, which is heavier than the H(|uid. To animal life it 
is very injurious. Birds perished in air containing only 

5^\^jff and a dog in air containing ^^^ of this ^as. A horse 
ied in an atmosphere containing only the j|^ part. It is 
owing to this fact that localities where this gas rises are un- 
healthy. Recent experiments show that the waters of some 
Afiican rivers, whose mouths are remarkably unhealthy, con- 
tain this eas in considerable quantity. In this case the sul- 
phuretted hydregen arises from the mixture of the waters 
of the sea, which contain salts of sulphuric acid, vnth the river 
water which is charged with organic matter. This forma- 
tion of sulphuretted hydrogen sometimes extends to a dis- 
tance of twenty-seven miles from the mouths of the river. 
The water contains sometimes as much as six cubic inches 
of suljphuretted hydrogen in a gallon. The copper sheath- 
ing or ships is very r^idly corroded in this water, and the 
crews are attacked with malignant fevers. 

Water at 64^ dissolves 2^ volumes of sulphuretted hy- 
drogen, and alcohol 6 volumes. These solutions soon be- 
come milky when exposed to air, the oxygen of which com- 
bines with the hydrogen of the gas and precipitates the sul- 
phur. In the same way deposits of sulphur are formed in 
the neighborhood of mineral springs. In sulphurous acid 
and sulphuretted hydrogen oxygen and hydrogen are united 
to the same base, sulphury when, therefore, these two gases 

* This gas is also foH&d in foul sewers and putrid ens, to which they, especi- 
illjr the latter, owe their peculiarly offensive smell. The water of sulphurous 
«prinp rarely contains more than one and one-htdf per cent of its volume of 
of thu gas. 

other name is this acid called T Explain the first method for preparing hydro- 
sulphuric acid~the second. Mention some of the properties of sulphuretted 
hyorogen. What are its relations to animal life T What is said of the waters 
of some African rivers ? To what is the presence of sulphuretted hydrogen in 
these waters owing ? How much hydrosuiphuric acid does this water soiCte- 
times contain T What effect has it upon the copper sheathing of ships {-Hipon 
$he health of their crews f What is said of the relations of hydrosuiphuric 
acid to water ! — to alcohol ? Why do these solutions soon become milky ? How 
do sulphwo«9 9P'd snd sulphuretted hydrogen decompow one another ? How 
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are brought together, they mutually decompose each other, 
the oxygen of the one taking the hydrogen of the other, 
and the sulphur of both being deposited. The vessel in 
which the two gases are mixed becomes coated with sulphur. 
In this experiment, the space between the tubes and the neck 
of the bottle in which the gases are mingled, should be stop- 
ped with loose cotton, or a tube open at both ends should pasa 
through the cork, that tliere may be a free communication 
with the external air. 

The disinfectants which are employed in places where 
this gas rises, operate by decomposing it.. Chlorine, iodine, 
and bromine, decompose it by uniting with its hydrogen, and 
diepositing its sulphur. The oxygen of the air does the same 
to a small extent, as mentioned above. 

A remarkable instance of an atmosphere fully charged 
with sulphui"ettcd hydrogen being disinfected by hydrochlo- 
ric acitl gas, (p.l04.) occuiTcd in France in 1773. A cathe- 
dral atDijon, had become uifected with putrid miasma from 
the bodies interred under the floor. Several unsuccessful at- 
tempts had been made to purify the air by explosions, aro- 
matics, &c., until the building was finally deserted. Appli- 
cation having hccn made to PrufI Murveau, he took a glass 
vessel, supported by one of cast iron, and placed it on a few 
live coals in the middle of the church. He then put in six 
pounds of common salt, jind two pounds of sulphuric acid, 
and hastily withdrew. The gas soon filled the vast space, 
and could be perceived even at the doors. At the end of 
twelve horn's the church was thrown open and ventilated, 
when every disagreeable odor was found to be completely 
removed. 

Sulphuretted hydrogen takes fiie when a candle is im- 
mersed in it, but the candle is put out, and most burning 
bodies are extingui.^hed by it. But when potassium is heat- 
ed in this gas, it bums with groat energy, and is converted 
into a sulphurct of potassium. The hydrogen that remains 
after the sulphur is in this manner withdrawn by potassium, 
is equal in volume to the original gas. Tin and many other 
metals, when heated in sulphuretted hydrogen, combine with 
its sulphur with flame. In all these cases the hydrogen 
liberated is equal to the weight of the sulphur which com- 
bines with the substances introduced into the gas ; or, in other 

do the disinfectants which are emplc^cd in places tirhere this gas rises act? la 
what manner was a cathedral at Uijon in France disinfected of putrid ~~* — 



? What is said of the relations of sulphuretted hydrogen to combustion ! 
Whftt s^bs^^lc^ bums i|i this gas with great energy 7 What other bodies bom 
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words, when the gas is decomposed it is separated into equal 
wights of sulphur and hydrogen. For this reason its synv 
bol 18 HS, or an equivalent of sulphur to one of hydrogen. 
Similar methods are often employed to determine the com- 

C'tion of other gases. Sulphuretted hydrogen bums with a 
itiful pale blue flame, producing water and sulphurous 
acid, part of the sulphur being deposited. (^') Two vol- 
umes of sulphuretted hydrogen to three of oxygen form an 
explosive mixture. A little strong nitric acid thrown into a 
bottle of this gas occasions the immediate oxidation of its 
hydrogen, and <^en a slight explosion, when the escape of 
the vapor is impeded. 

Sulphuretted hydrogen tarnishes certain metals, as gold, 
silver, and brass; hence utensils mad^ of these metals should 
not be exposed to this gas. It ali^o produises colored pre^ 
cipitates from many metallic solutions, an4 hence is con- 
stantly employed as a test in the laboratory. When diluted 
with 20^000 measureisi of pure hydroeen, it sensibly blackens 
a piece of paper which has been dipped in a solution of 
acetate of lead. (^*) Letters formecl with the nitrate or 
acetate of lead are invisible when the writing is dry, but are 
gradually brought out when the paper is held over a jar 
n-om which sulphuretted hydrogen is rising ; the sulphuret- 
ted hydrogen takes the base, forming sulphuret of lead, and 
drives off or sets free the acetic acid, if acetate of lead was 
employed, or the nitiic acid, if t^e solution was one of ni- 
trate of lead. Solution of sulphuretted hydrogen in wat^ 
is the most common form in which this is applied as a 
test.(7«) 

A bright surface of silver is a sure test j6:»:the presence of 
sulphuretted hydrogen, which is inst^tly tarnished by this 
gas, and abla<^ sulphuret of silver formed on its surface.(^^) 

in ndphuretted hjrdrogen ! Into what are they conveifted^r— Ans.— Into sulphn- 
rets? How macb hycUiQgeii ia Uberwted in weight? What therefoxfi is the 
aymbol of sulphuretted hrdrogen t When potasaium is humt in sulphuretted 
hydrogen, how much hydroeen is liberated in volume i What is the color of 
ihe flame of aulphuretted hydrogen ? WhAt doea it produce by iia combustion f 
iiow IS wateT formed in ihis combustion ! Ana- — By the uBion pf the oxygen 9f 
the air with the hydrogen pf the aulphurettqd hydroge^. fjow is the sulpl)^- 
^us acid formed I Ans^-^'Ey the union of the oxygen of ^e air with the sulphur 
of the sulphuretted hydjapgen. What w the e^ect of sulphuretted hydrogen on 
certain metals ?— on many metallic solutions ? For what purp<Me is it employed 
in the laboratory f What illustration is given of the delicacy of this test * How 
may letters formed with the nitcate pr «cetate of lead be rendered visible t 
Why do these letters become blaclL on holding them over a jet of sulphuretted 
hydrogen f What is the most common form in which the teat with sulphuret- 
ted hydrogen is employed^ What are some of the te^ts for ^ preseQce erf 8ul< 
pbaretted liydrogen 1 

10» 
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The most delicate test of the presence of sulphuretted hy- 
drogen, when difibsed in the air, is moist carbonate of lead 
spread on white paper. 

Hydrogen, Fburine. SymboL 

Htdrofluobic ACCD, TOO 19-00 HF. 

165. This acid is obtained by the decomposition of fluor- 
spar by strong sulphuric acid. This must be done in a re- 
tort of pure lead, silver, or platinum, and requires a gentle 
heat. The fluor-spar must be pure, and especially free from 
silica and the oxide of lead. 



^luor-spar, or 4 a^q^j^^ -Hydrofluoric acid. 



Water. | hydroge^ -. . , ■ y 

\ oxygen Nr — oxide of calcium, lime. 

X. (uBitM with satpharic acid.) 

Sulphuric aci d ^ sulph. of lime, insolu. salt.* 

tpnopitatM from MlatioB.) 

Hydrofluoric acid at 32^ is condensed into a colorless 
fluid, with a density of 1*069. In this state it can be pre- 
served, even at a temperature above 32^, in well stopped 
bottles of silver or lead. Its avidity for water is extreme, 
and when brought into contact with it, the acid hisses like 
red-hot iron. It is the only liquid which dissolves, to any 
great extent, flint and glass. It cannot therefore be kept in 
glass vessels. It is often used to etch glass. For this pur- 
pose it is used in the laboratory for marking test bottles, and 
for designs on glass-plate, which are first traced through a 
coating^ of wax. The glass having been thus prepared, is 
placed over a vessel of lead in which there is an equal weight 
of fluor-spar and sulphuric acid. A gentle heat is appliea to 
this vessel, and the hydrofluoric acid produced from this mix- 
ture* will attack the g]^s in the lines which have been traced 
through the wax. The operation is completed in a few 
minutes, and the glass is then removed and cleaned by a 
little warm oil of turpentine. Liquid hydrofluoric acid may 
be employed for the same purpose, but the etching is not so 

* This salt is rerj slightly soluble. 

165. Write the composition and symbol of hydrofluoric acid Explain the 
process by which it is obtained. Mention some of its properties ; — some of its 
uses. What is said of the action of hydrofluoric acid with some of the metals ? 
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cUstmct as when vapor is used, for, in this case, the figures are 
as transparent as the rest of the glass. (' ^) 

Hydrofluoric acid possesses the acid properties in a very 
hifirh degree. Its action on some of the metals is very pow- 
eirol. With potassium it unites with explosion, evolving light 
and heat. It attacks and dissolves certain bodies which no 
other acid can affect, such as silicon, zirconium, and co- 
lumbium, forming Jluates of these substances, and setting 
free its own hvdrogen. It is a most dangerous sub- 
stance to experiment with, as it attacks all animal sub- 
stances with wonderful energy. The smallest drop of the 
concentrated acid produces ulceration and death when ap- 
plied to the tongue of a dog. Its vapor, floating in the air, is 
very corrosive, and should be carefully avoided. If it falls, 
even in small spray, on the skin of die hand or any other 
part of the body, it produces a malignant ulcer, which is very 
difficult to cure. Any considerable quantity of it would 
prove fatal. Its property of dissolving silica affords a 
method of analyzing siliceous minerals. It readily combines 
with the silica of these minerals, when in a state of fine pow- 
der, and still retains its elastic form, or passes off as hydro- 
fluosilicic acid (p. 113). 



Silicic acid, 



Silicon, 

22-18 



Oxygen, 
24-00 



Symbol, 

SiO,. 



166. That which is commonly called flint, is in chemistry 
called silicic acid. We find it nearly pure in beryl, quartz, 
chalcedony, homstone, jasper, rock-crystal, &c., wliich are 



Fig. 65.» 




Fig. 56.t 



^ 



Fig. 57.t 



Fig. 58.11 



V 




« Obtiue ihombohedron. 

t Six-sided prism, tenninated by six-sided pyramids. 
X Dodecahedron, or two six-sided pyramids joined base to base. 
II The two pyramids separated from each other by the intervention of a veiy 
short six-sided prism. 

■ What is its effect on the animal system % Why may this gas be employed 
in the analysis of siliceous minerals ! 
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Fig. 59. 



, bat yarieties of quaitz. It is often beautifully crystallized 
in six-sided prisms and six-sided pyramids, and so traim>arent 
that ornamental stones are often made from them. The or- 
namental stones called Bohemian diamonds, are composed of 
quartz. Some of the forms of the crystals of quartz are re- 
presented in the preceding figures. 

The red cornelian, the violet amethyst, the green jasper, 
the varieffated agate and jailer, the opal and dialcedony, 
consist ot silica ; their colors are derived chiefly from me- 
tallic oxides. 

167. Silica may be procured in sufficient purity for most 
purposes, by igniting specimens of rock-crystal* and throw- 
ing them while red hot into water, and then reducing them 

to powder. But to obtam this 
substance in a state of complete 
purity, a mixture of equal parts 
of fluor-spar and glass, both fine- 
ly powdered, are put into a flask. 
(Fig. 59.) Upon this mixture, 
sulphuric acid is poured. A 
wide bent tube passes from the 
flask to the bottom of a glass jar, 
in which enough mercury is 
poured to cover the extremity 
of the tube. The jar is then 
about two-thirds filled with wa- 
ter, and heat appHed to the 
flask. The first eflect of the 
action of the sulphuric acid on fluor-spar is the disengage- 
ment of hydrofluoric acid (166.) This, however, being in 
contact with the powdered glass, is decomposed, and water 
and fluoride of silicon formed. 




Hydrofluoric ( fluorine — 
acid, ( hydrogen 

Smca(gla8a),{^^-^^ 




Fluoride of silicon. 

[Agu. Be* Mxtdiafnin.] 

water.* 



* The water UiiuDroduced unites with a small portion of the fluoride of sil- 
icon, forming hydronuosilicic acid, as in the next diagnun, which passes over 
in rapor, ana is condensed in the water of the jar, where also more of the same 
acid IS formed, as is shown in diagram second. 



166. Write the composition and sjrmbol of silicic acid. What are some of 
the sources of silicic acid ? 

167. How may sitica be procured in suflicieBt purity for most poqioses? iBs- 
plain Pig. 59. How is fluoride of silicon obtained by the first ^j^ptm f flow 



THE ELEMENTS AND THEIR COMBINATIONS. 113 

The fluoride of silicon escapes through the tube, and rises 
from the mercury mto the water above. As the bubbles 
come in contact with the water, they are decomposed; the 
fluoric acid unites with the water, and pure silica separates 
in the form of* a beautiful gelatinous mass. This decompo- 
sition is represented by the following diagpram : 

Fluoride of ( silicon Silica. 

Silicon, ( fluorine ^y^ immia* «»diMolT«d •■ gOaHmnm filica.) 




Fluoride of silicon ^hydrofluosilicic acid. 



ft) 

The gelatinous silica may be removed from the water, and 
dried on a filter. A cloth niter is used for this purpose, and 
the silica, after being well washed on the filter* and dried, is 
heated to redness to expel the water. It is important in 
this experiment to keep uie end of the tube so far beneath 
the suirace of the mercury, that the bubbles of gas will not 
come in contact with the water until they have 1^ the tube, 
otherwise the gelatinous silica formed at the mouth of the 
tube may entirely close it and prevent the passage of the 
gas. 

168. Pure silica is a very fine, white, tasteless powder, 
which feels rough and dry to the touch and is gritty between 
the teeth. It is infusible, except by the raost powerful heat 
of the oxy-hydrogen blowpipe, or by galvanism. In a state 
of. fusion, it may be drawn out into threads, like glass. If 
dropped in this state into water, it solidifies to a transparent 
mass, free fixjm flaws, and remarkably hard and tough, so 
that it sustains the blow of a hammer without breaking. 
The same effect is therefore produced as when red-hot steel 
is plunged into water. Though not itself volatile, yet when 
steam is passed into a mass of silica, heated above the 
melting point of cast iron, it is volatilized in large quan- 
tity, and deposited in the form of snow. Boracic acid (lid.), 
volatilizes in a similar manner. 

* Thii proceM will be described in the latter part of the book. 

ia silica obtained by the second diagram ? In what state is this silica ! Ans. 
— In the state of a gelatinous hydrate. How may the water be expelled from 
this hydrate ? 

168. What are some of the properties of silica t What is said of its soln- 
bility in water and dilute acids ! Why does it not usually manifest its acid 
properties ? How may these be developed t When are the salts of silica solu- 
D|e f What silicates are inso^ble \ 
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Silica, unleM recently precipitated, b not sensibly soluble 
in water and dUtOe acids. Althoufirh a very powerful add, 
it does not usually manifest its acid properties on account oi 
its insolubility. But when heated with the bases, especially 
with bases wnich are fusible, it unites with tli&m ana forms 
true salts (145.) When the proportion of base is considera- 
ble, the salts of silica are soluble, as the dlicates of potash 
and soda, which are soluble in water. But where silicic 
acid is in excess, as in all the silicates which enter into the 
composition of glass, these silicates are insoluble. Under 
high degrees of pressure and temperature, or by slow action 
under ordinary pressure and temperature, a small poition 
of even these sincatea is dissolved. 

169. Silicic acid is nearly three times as heavy as watbr, 
its specific g^ravity being 2*66. In the arts, it is employed 
chiefly as a component of glass. Every kind of glass is a 
silicate, and aU its varieties are produced by different pro- 
portions in the constituents employed, or by the impurity of 
the materials. Thus green bottle glass is made of impure 
river sand, and the most common kind \>f kelp or pearl 
ashes. The iron contained in the river sand, united widi the 
impurities of the alkali, gives this kind of glass its color. 
Crown glass, for windows is made of a purer alkaU and a 
sand which is free from iron. Plate glass for mirrors is 
composed of sand and alkali in their purest state, and, in the 
formation of flint glass, besides these pure ingredients, a 
considerable (quantity of litharge, or red lead, is employed. 
The black oxide of manganese is also used to render glass 
colorless and to improve its transparency. The manganese 
not only becomes deoxidized itself, but also deoxidizes 
any oxide of iron, or other metallic oxide which may be 
present. (7 8) 

170. Almost all springs, as well as plants, contain small 
quantities of silicic acid. If we evaporate spring water we 
find silica in the insoluble residue, and if we bum a plant, 
silica remains in the ashes. Grasses and different sorts of 

Cin are particularly rich in silica, and, for this reason, have 
n called siliceous plants. Silica is to these plants, what 
bones are to men, flie substance to which the stalks owe 
their firmness. If the soil is deficient in soluble silica, the 
3talk will be so weak as to bend over. The horse-tail plant 

169. What is the principal use of silica in the arts ! To what are the dif- 
ferent varieties of glass owing 1 What is the composition of green bottle 
glass ?---crowQ glass ?— plate glass «— flint glass T For what purpose i« bjj^ffit 
pj^i4e of nqa;i|a?|e8e used in the manufacture of §lasg I " 
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(Equisetum) contains so iniich silica that it may be used in 
polishing wood, horn, and some of the metals.('*) Many 
microscopic animals have siliceous coverings. 

The siliceous minerals, such as rock-crystal, quartz, chal- 
cedony, flint, &c., form a large part of the crust of the 
earth. SiHca also predominates in the principal rocky 
masses of the globe. 

171. The following table exhibits the composition, com- 
bining numbers, and symbols, of those elements, and their 
compounds which have now been described.* 



SIMPLE ELEMENTS. 



Obganoqbns. 

Oxygen O. 8. 

Hydrogen H. 1. 

Nitrogen N. 14. 

Carbon C. 6. 



PTB00BM8. 

Sulphur S. 16. 
Selenium Se. 40. 
Phosphorus P. 31. 



HAL06BN9. 

Chlorine CI. 35. 

Iodine L 127. 

Bromine Br. 78. 

Fluorine F. 19. 



Hyalogbns. 
Boron B. 11. 
Silicon Si. 22. 



ACID COMPOUNDS. 



1. OXYGEN ACIDS. 



Sulphur 
Oxygen 



O. 



16 ^ Sulphurous acid 
8 ) Sulphuric acid 



SO3. 

16 + 16=32. 

SO3. 

16+24=40. 



* Thii table shows the connection of all these bodies with each other, and 
serves also the very important purpose of a reviem of their composition, withoat 
which this would soon be forgotten, or retained so imperfectly as to be of no 
practical benefit. 

170. Mention some of the sources of silicic acid. What purpose does silica 
senre in the stalks of grasses ? 

171. Write the composition and symbols of the organogens;— the pyrogens; — 
the halogens ; — the hyalogens ; — the acid compounds of sulphur and oxygen ; — 
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Nitrogen N. 
Oxygen O. 

Phosphorus P. 
Oxygen O, 

Carbon 
Oxygen 

Chlorine 
Oxygen 

Silicon 
Oxygen 



BLimirrs of cBftiitsTiiT. 
14 ^ Nitax>us acid 
8 ) Nitric acid 



NO4. 

14+32=46. 
NO5. 
14+40=54. 



31 ) Phosphorous acid POg. 

S 31+24=55. 

8 ) Phosphoric acid PO5. 

31+40=71. 



C. 
O. 

CL 
O. 

Si. 

o. 



* Carbonic acid 



8 



35 ^ Chlorous acid 
8 1 Chloric acid 



22 



> Silicic acid 
8) 



CO3. 

6+16=22. 

CIO4. 
35+32=67. 
CIO5. 
35+40=75. 

SiO,. 
22+24=46. 



2, HTDBOOEN ACIDS. 

Chlorine CI. 35^ 

> Hydrochloric acid H CI. 
Hydrogen H. 1) 1+35=36. 

Sulphur S. 16 ^ Hydrosulphuric acid, ttq 

> or Sulphuretted 1 1 1 « 1 17 
Hydrogen H. 1 ) Hydrogen l+lt)=l7. 

Fluorine P. 19 ) Hydrofluoric acid, vrp 

S or Fluoride of VllQ^QO 

Hydrogen H. 1) hydrogen i+iy— ^u. 

172. This table is founded upon the tenth law of affinity 
(p. 63). This law is, " when a body, A, unites with other 



the acid compounds of nitrogen and oxygen ; of phosphorus and oinrgen ; — 
carbon and oxygen ; — chlorine and oxygen ;—8iIicon and oxygen. What are 
these acid compounds called ? Ans. — Oxygen acids. Write the composition 



carbon and oxygen ; — chlorine and oxygen ;—8iIicon and oxygen, 
'lese acid compounds called ? Ans. — Oxygen acids. Write the 1 
nd symbols of the hydrocen acids. 
172. Upon what law ofaffinity is this Uble founded? State this law. How 



fWB, ELEBtfiNTS AND THBtR COMBINATIONS. 117 

bodies, B and C, the proportioki in which A unites with 
B and C, will represent the proportion in which they will 
unite with each othen" Thus in me above table let hydrogen 
be represented by A> End let the other bodies with which 
hydrogen unites, be represented by B, C, &c. ; then the pro- 
portion in which hydrogen unites widi these bodies, will re- 
present the proportions in which they will unite with each 
other. Since A, or hydrogen, unites with B, or oxygen, in 
the proportion of 1 to 8 (forming water— see table,) and also 
with C, or sulphur, as 1 to 16 (forming sulphuretted hydrogen 
— see table,) therefore the conmounds of sulphur and oxygen 
are as the numbers 16 and 8. Thus sulphuroiis acid =862= 
16+8X2. Sulphuric acid=SO,=16-f 8X3. Should any 
new compound of sulphur and oxygen be discovered, the pro- 
portion of these two elements will be expressed by some 
multiples of the numbers 16 and 8. If, therefore, any new 
compound should be sought for by experiment, the experi- 
ments would be in the following series, 16X(1, 2, 3, 4, &c.,) 
for the sulphur, and 8X(1> 2i 3, 4, &;c,,) for the oxygen. 
Sometimes, however, what are called sesqui* compounds 
occur, a series of which ascend by the multiples i, 1, li, 2, 
2i, 3 &c.*; thus A unites with i, 1, H, 2, 2^, 3, proportions 
of B, or 2 A unites with 1, 2, 3, 4, 5, 6, B. The idea con- 
veyed by the first proportion ofjractums is not strictly cor- 
rect, for the atoms of matter are indivisible. Half an atom 
of A cannot combine with an atom of B ; by multiplying 
this proportion by 2, we obtain the second, in which the frac- 
tions are avoided ; this, therefore, represents more correctly 
the method of combination among what are usually called 
sequi compounds. 

The second part of the table gives the combining numbers 
of compound bodies. According to the eleventh law of af- 
finity (p. 63.) the rule for compound bodies is, " add together 
the numbers correspondifig to the elements of the compound 
body ; the sum toUl represent the proportion in which the com*- 
pound enters into comMncUion** Thus the combining num- 
ber of sulphur is 16, that of oxygen 8, therefore that of 
sulphurous acid (SO2) is 16+8X2=32, and that of sulphu- 
ric acid (SO3) is 16+8X3=40. 

* Latin seaqui, one and a htJf. 

is this law illustrated T Why do the compounds of sulphur and oxygen unite 
with each other in the proportions represented by the numbers 16 and 8 ? In 
what series would any new compounds of sulphur and oxysen be sought for by ex- 
periment 1 What is meant by tne term " sesqui compounds" ! What is the true 
series by which this class of compounds are represented? Ans. — 1, 2, 3, 4, 

11 
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NEUTRAL COMPOUNDS OF NON-METALLIG 
ELEMENTS. 

173. The neutral compounds of the non-metallic elements, 
or compounds which have neither acid or alkaline proper* 
ties, are nitrous and nitric oxides, carbonic oxide, light car- 
buretted hydrogen, olefiant gas, and phosphuretted hydrogen. 

NUngtn. Chygm. SpnboL 
KiTBOUB OXIDB» 14*06 8 NO. 

NiT&ic oxu>B, 14*06 16 NOq. 

174, NUrtHU ixeide^ protoadde ^ nitrogen, "When nitrate 
of ammonia is exposed to a moderate heat, in a glass flask 
or retort, nitrous oxide is driveti off and may be collected 
over fMtrm water, or in water previously saturated with the 
ftame gas. The nitrate of ammonia should not fill more 
^an n quarter of the retort as it is very apt to foam. Too 
much heat decompose!} the nitrous oxide, and forms nitric 
Oldde and nitrous acid. The nitrate of ammonia, which, 
by beat alone, gives off nitric oxide, is composed of nitric 
tW5id, ammonia, and water (of crystalUzation). 

r nitrogen — ^^^j^^it Nitrous oxide. 



Nitric acid J ^*y|^: 



•Ammonia, 



\^ oxygen>;j^ 

i nitrogen-— ^^*^*;--— ^Nitrous oxtdib. 




(psMM off «•!;>■<) 



^ 3 hydrogen— -^water. 

(ilMm wfakh ectod«MM ib tlM fuometer.) 

Wate r - ■ ' • — water. 

(itMun -which condmuM ia the gMoaoMft) 

Nitrous oxide b a colorless gas with a faint and agree^ 
able odor, and a sweet taste. It supports liie combustion of 
a taper, or a piece of phosphorus, with almost as much ener- 
:gy as pure oxygen. It is, however, easily distinguished from 
OiXygen by its solubility in cold water. It is absorbed by 
water in nearly equal volume8.(*®) When a recently ex* 
tinguished lamp with a red wick is introduced into it, the 

9,6 ; of B, to 2, 4, 6, 8, 10, 12, of A. Upon what Uw of affiaity, is the secoa4 
pan df the table foanded ! State this law. How is this law ilkstrated ? 

174. Write the compositioi& and symbols of nitrous and nitric oxides. How 
is nitroos oxide prepared! Explain the diagram. Mention some of the praper- 
ties of nitrous oxide. At what tem|>eiature does nitrous oxide become soudt 



THE ELEMENTS A1U> TUEA COMBINATIONS. 119 

fiance is hiBtaBtly restored. Sulphur, when burning f^eVfy,* 
is extinguished, but when well ignited its flame is consider-* 
i^bly enlaj:g<ed.(^^) When mixed with an equal volume of 
hyarogen* nitrous oxide may be exploded, liberating its own 
volume of nitrogen,(®') 

By the pressure q( 50 atmospheres, at 45^, nitrous ojHb 
becomes a clear liquid, and, at 1$(P below ^ero, it freeaet 
i»to a white snow-like mass. By the evaporation of this 
snow^ a cold is f^oduced, ftr below that produced by the 
evaporation of solid carbonic acid in a vacuum (p. 100,) or , 
lower than 174^ below z^ro. Solid nitrous oxide placed iA> 
the handi by its sudden liquefaction and evaporation, pro^ 
duces intense cold, forming a blister on the hand like a mm, 
A single drop of liquid nitrous exide^ aJso produces 9> wound 
like a bum. Metals dipped in this liquid produce, a hissing 
sound, like that produced b^ plunging red ho^ iron into, 
water, Igmted charcoal swuns on its surface and buroA 
^ith a vivid light, wldle sulphuric and nitric acidi are in^ 
mediately frozen by contiM^ with iu Water freeaies in ooq* 
tact with liquid nitrous oxide, but ^t the same time cause9 
the evc^KM-adoQ of the nitrous oxide with Ik rapidity almost; 
equal to explosion. 

Nitrous oxide gas is more than once and a half heo^vi^r 
tjian air (sp. gr. l'52^.\ The most iremarkable effect of tbi9 
^as is its intoxicating effect on thQ animal system. When 
inhajed it produces a stroQg propensity to laughter, a rapid 
flow of ideas, and an unusual disposition to muscular exeis 
tion, TUs fitate of excitement is not followed by depression 
as is the case where alcoholic stimulants are used. Tq 
some constitutions, however, this gas is injurious, producing 
when inhaled, giddiness, headsidie, faintness, and other disa^ 
greeable symptoms. An animal confined in this gas soon 
dies from the prolonged effects of the intoxication. 

1T5. Mirie oapU^ deutoaoide cf nitrogen, is formed by 
adding dilute nitric acid to ci^^r clippings or turnings. 

NitriJ^S''^^^'^ Z^:^^^^^^;^:!Z^^f^' 

*«;j ^ 2 oxygen-'^ i^»mmf^t^) 

3 axygea> 




5 Ooppe r - ■ ■ ■ >^ . s .- — oxide of copper. 

Nitnc acid ■ ■" ■ ^n itrate of copper, soluble salt. 

_ (noiaiiu ia aolatloa.) 

What degree of cold is obtained by th9 eTapo^'ation of solid nitrous oxide ? 
What effect is produced by the evaporation of a small quantity of solid or liquid 
nitrous oxide upon the hand ! What is t|)f nct^oo of liquid nitric 9^4e on met- 
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* Nitric oxide is a colorless gas. In contact with air, or 
oxygen gas, it produces deep red fumes of hypanitrous acid 
(p. 96.) This acid is formed when four measures of nitric 
oxide are mixed with one measure of oxygen, the gases be- 
ine perfectly dry, and at a temperature of zero. It is a: 
tbm, mobile, colorless liquid, which becomes green at the 
ordinary temperature of the air.(^') 

The property which nitric oxide possesses of forming red 
fumes of hyponitrous acid on contact with air, or oxygen, 
serves to distinraish it from aU other gases, and is abo a 
oonvenient test for free oxygen. Wherever oxygen is free 
or uncombined, it is at once detected on the addition of ni* 
trie oxide by the red fumes produced. 

Cold water absorbs about three-fourths of its volume of 
nitric oxide, and acquires a sweetish taste. The strong af- 
finity with which nitric oxide retains its own oxygen, and 
absorbs oxygen in a free state, renders its action unfavorable, 
in most cases of combustion. Many bodies that will bum- 
in nitrous oxide, which contains but one equivalent of oxygen 
(NO,) :will not burn in nitric oxide, although this contains- 
two equivalents of oxygen (NOa-) Burning sulphur and a 
lighted candle are instantly extinguished by it, but phospho-' 
rus and charcoal, if in a state of vivid combustion when in- 
troduced into this gas, bum with increased brilliancy.(®*) 
It is somewhat heavier than air (sp. gr. 1'525). With an 
equal bulk of hydrogen it forms a mixture that bums rap- 
idly with a greenish-white flame. It cannot be breathed, as 
it produces a strong spasm whenever the attempt is made to 
inhale it. 

Carbon. Ojcygen, Symbol. 

Carbonic oxide, 6. 8. . CO. 

176. Carbonic oxide is prepared by mingling in a retort 
eight or ten parts of sulphuric acid with one part of dry, finely 

s]8 ? — on i^ited charcoal ?— on sulphuric and nitric acids ? — on water ! What 
is the specific gravity of nitrous oxide 1 What is its effect upon the system 
when inhaled t — on an animal confined in the gas 1 

175. How is nitric oxide formed ? Explain the diagram. Mention some of 
the properties of nitric oxide. What are some of the properties of hjrponitroua 
acid t What is its composition ! (see ]^. 96.) How is nitric oxide distmguished 
from all other gases ? in what way is nitric oxide a test for free oxygen ? 
What other properties of nitric oxide are mentioned! What is its action on 
combustion r Why is it less favorable to combustion than nitrous oxide which 
contains only half as much oxygen ? What bodies are extinguished by it ? 
What substances bum with increased brilliancy in this gas ? What is the 
specific gravity of nitric oxide 1 What is said of its mixture with hydrogen ? 
Uan nitnc oxide be inhaled ? 
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powdered, yellow prussiate of potash. By a gentle heat the 
salt is entirely decomposed, and the gas may be collected 
over water. It is a colorless, almost inodorous gas, bum-- 
ing with a beautiful blue flame, such as is often seen on a 
^eshly fed coal fire. The carbonic acid, (OO3) produced iH 
the lower part of the fire, is converted into carbonic oxide 
(00) as it passes through the red hot coals, which with* 
draw a portion of its oxygen. From the red hot coals it 
passes at a high temperature into the air, from which it im* 
mediately takes an equivalent of oxygen, burning with its 
blue flame and being converted into carbonic acid. It deed 
not support the combustion of a candle. 

Carbonic oxide, and carbonic acid, illustrate the fact, that 
bodies whose composition are very nearly alike, may be entire- 
ly different in properties. While carbonic acid is heavier than 
air (sp. gr. 1*524), carbonic oxide is lighter (sp. gr. 0*973). 
Carbonic acid is rapidly absorbed by water, carbonic oidde 
is not absorbed by pure water, or even by lime water. 
Carbonic acid does not bum, while carbonic oxide mixed 
with half its volume of oxyeen explodes. It explodes also 
when mixed with nitric oxide. Carbonic oxide has no acid 
properties like carbonic acid.(^^) It is much more poison- 
ous than carbonic acid, producing a state of the system re- 
sembling apoplexy.(®®) Small animals immersed in it die 
instantly. 

Carbon, Hydrogen. SymhoL 

Light carburetted hydrogen, |6 2 CH2. 

Heavy carburetted hydrogen, 12 2 C2Ha. 

177. Light carburetted hydrogen, fire damp, is found 
abundantly in coal mines, being disengaged from the fresh 
cut surface of the coal, and from remarkable apertures called 
** blowers," which emit for a great length of time a copious 
stream or jet of gas. It is also found abundantly in stag- 
nant pools during the decomposition of dead vegetable 
matter. From these places it may be obtained by stirring, 
the mud at the bottom, and collecting the gas, as it escapes, 
by an inverted jar or other receiver. In this state it contains 
ten or twenty per cent, of carbonic acid, and a small portion 
of nitrogen. The carbonic acid may be removed by agita* 

176. How is carbonic oxide prepared ? What are some of its properties f 
How is carbonic oxide formed in coal fires ' What is its effect on toe flame of 
a candle ? In what respects do carbonic oxide and carbonic acid differ. 

177. Write the composition and symbols of light and heary carburetted hy- 
diogen. Where is li^ht oaiburetted hydrogen found t How may this gas be 
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ting it with lime water. It may be obtained also from a mix- 
ture of crystallized aoetate of soda, four parts, solid hydrate 
of potash four parts, and powdered quicklime, six parts. 
When this mixture is strongly heated in a flask or retort, the 
gaa is disengaged in great abundance, and may be received 
over water. 

Light carburetted hydrogen is a colorless and nearly in- 
odorous gas. It bums with a strong yellow flame, producing 
carbonic acid and water. It is not poisonous, and may be 
respired to a great extent without injury* All the value of 
the coal mines where this gas abounds, would ha^e been lost» 
were it as poisonous as most of the gases. These vast de^ 
posits would also have been worthless, wero this gas as in- 
fiammatiU as many of the other inflammable gases. By one 
property alone, in which the former differs fix>m the latter, ia 
the miner enabled to descend with safety into the mines^ 
The latter, when mixed with air, may be exploded by an 
iraited surface, as a red hot iron* but Uie former mixed with 
air, can not be thus exploded. On this principle a lamp haa 
been constructed, by which the miner can descend into tho 
coal mines without any fear of producing an explosion by its 
flame. This le^mp was invented by Sir Humphrey Davy, and 
called ^Hh9 sqfety lamp'* The construction of this lamp 
will be described in the section on combustion and flame, a^ 
it depends on certain laws or properties of flame not yet ex- 
plained. One volume of light carburetted hydrogen ex- 
plodes when mixed with two of oxygen. One volume, with 
ten of common air, forms an explosive mixture. It deto- 
nates feebly when mixed with five or six times its volume of 
air. This small proportion, which is necessaxy to form an 
explosive mixture with air, accounts for the n-equent and 
terrible accidents which occur in coal mines. 

COMBUSTION AND FLAME. 

178. Nature and cause qf comhistum. Three conditions 
are necessary in all cases of combustion : a supporter of com- 
bustion, a combustible body, and the requisite temperature, 
which is generally above the ordinary temperature.(®') Un- 
der these circumstances, combustion always takes place. In 

prepared ? Mention some of its properties. In what proportions does light 
cartiuretted hydrogen form an explosive mixture with oxygen T-^with cooitton 
airt 

178. What three conditious are necessary in all cases of combustion f How 
ia this illustrated in the composition of gunpowder ? Which one of the three 
conditions is wanting in the ordinary state of gunpowder ! How ia the teiqper«- 
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the composition of gunpowder, oxygen, (the supporter of 
combustion) is present in the saltpetre,* and carbon and sul- 
phur (the combustibles) are also present. A red hot iron 
produces the requisite temperature in a portion of the pow* 
der, and the great volume of the flame, thus produced, ele- 
vates the temperature of all that it reaches, so that the 
whole msjBS explodes. In its ordinary state, gunpowder 
needs but one of the above mentioned conditions for its ex* 
plosion-— the requisite temperature. In its own composition 
It contains the combustible and the supporter of combustion. 
It will, therefore, explode in any tituation where the requi- 
site degree of heat can be in any way conveyed to it. In 
blasting rocks this temperature is produced by a small train 
of powder connected with the mass within the rock. For 
the same reason, if a gun barrel be filled with powder some- 
what moistened, to diminish the rapidity of its combustion, 
and this moistened powder be set on fire at the end of the 
barrel, it wiU continue to bum, although the end of the bar- 
rel be stopped, as with a thick covering of cloth, or be jplung* 
ed under water. In the latter case the gas, pouring forth in 
volumes from the powder burning within the gun-barrel, 
may be collected in jars above the water. The same ex-^ 
pmment may be penormed with a Jksee, If the fusee be 
lighted at one end, it cannot be put out by placing weights 
upon it, nor by causing a length of it to pass under water* 
The fusee bums until it is entirely consumed, or the burn- 
ing part is cut off from the rest. But apart from each other, 
the elements which form gunpowder will not explode, or 
even bum. Saltpetre may be melted and heated red hot by 
itself, without either explosion or combustion. Charcoal ana 
sulphur may also in like manner be heated hy themselves^ 
without combustion ; but, if the heated charcoal or sulphur 
be poured into red hot saltpetre, a vivid combustion will in- 
stantly take place with almost explosive enerey.(^ ® ) In this 
manner the ancients formed what was called the Greek fire. 
Sulphur, resin, alcohol, camphor, and other combustibles, 
were melted with saltpetre, and in this melted mass cords 
were dipped and rolled up into balls. These balls being set 

* This may be seen by referring to saltpetre, the symbol of which shows a 
larce amount of oxygen in its composition, 
t To a moderate degree. 

tare required for the explosion of powder produced in blasting rocks? — in t 
* ■"■" ^"^ ' ' ^erexpW 



powder under water ? Will the elements of gunpowder explode apart from each 
other 1 How may this be prored by experiment I In what manner was Greek 
fire formed 7 Why could not this fire be extinguished I Why does the addition 
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on fire and thrown into the enemy's camp, could not be eX" 
tinguiflhed, for they contained in their own composition all the 
elements of combustion, and the energy with which they burn- 
ed maintained constantly a. very high temperature. When 
Constantinople was attacked in the reign of Leo, many of the 
ships of the besiegers were destroyed by this compo6ition.( ^ ') 
On the other hand, the absence or deficiency of either the 
supporter of combustion, the combustible lx)dy, or the re* 
quisite temperature, prevents combustion. Too much fuel 
put on a fire smothers it, because the air, the supporter of 
combustion, is shut out from the fire, or cannot act on the 
fire in sufiicient quantity. If the fire is not replenished, it 
goes out, because the combustible has all been consumed, 
that is, it has all united with the oxygen of the air. In this 
case, ^e supporter of combustion may be obtained in inex- 
haustible quantity from the air, and therefore as long as the 
fuel is supplied, and the air allowed free access, the com- 
bustion will be maintained. When blown by the bellows, 
the fire bums with greater ener^, because the oxygen of 
the air is brought more perfectly into contact with tibe fuel. 
For this reason, in wind mmaces, the fire is rendered intense- 
ly hot by the blast of air, the effect of which is more in pro- 
portion to its velocity than t^^ quantity. The blast of air is 
increased in two ways, by increasine the draught of the 
chimney, and by bellows and blowmg machines. The 
breathing of a multitude of persons in a building soon ex- 
hausts the air, to a great degree, of its oxygen. In such 
assemblies, therefore, the lights have sometimes been ob- 
served to bum very dim, owing to the great deficiency of 
oxygen, and the production of carbonic acid. 

179. Phenomena and cause of flame. When the tempera- 
ture of inflammable gases is raised very high, and in contact 
with the air, they hurst into a flume. If previously mixed 
with a due proportion of oxygen, or of atmospheric air, they 
explode. In the first case, the supporter of combustion (oxy- 
gen of the air,) was entirely on the surface of the flame (•®); 
in the second case, it was mixed in with the gas, and 
the combustion was therefore instantaneous and throughout 
its mass. Ordinary flame is produced by the contact of air 

of too much fuel smother a fire ? « Why does the fire go out when not replenish- 
ed ? When blown by a bellows why does a fire bum with ^ater energy ? ' !■ 
the effect of a blast of air more in proportion to its quantity or its Telocity ? 
Why do lights sometimes bum dim m a crowded assembly ? 

179. Under what circumstances do gases burst into a flame ? In what way 
are gases exploded t When are gases said to bum with a flame !— with explo- 
sion! £xplain Fig. 60. Of what two gases is flame composed ? Which pos- 
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with the surface of the ignited gas ; hence, on the surface 
only does the combustion of ordinary fla^ie take place. 
Flame is therefore hollow.('^) It presents a cone of gas 
(Fig. 60.) This cone consists of a dark central part, A, sur- 
rounded by a highly luminous cone or envelop, B, 
and on the outside a second cone, C, feebly illumin- ^^' ' 
ated. The flame may be considered as made up 
of two gases, carbon and hydrogen, of which hy- 
drogen possesses far the greater attraction for oxy- 
gen. Therefore, at a little distance within the sur- 
face of the flame, the hydrogen takes all the oxy- 
gen, and the carbon, though intensely ignited by 
the flame of the hydrogen, is not burnt. This is 
the origin of the light, for the solid particles of carbon, when 
thus intensely ignited without the possibility of being burnt, 
give out great light. C) This unbumt carbon of the inner 
flame collects at once on any solid substance placed over the 
flame. The mode of deposition may be best seen by draw- 
ing a piece of wire-gauze over the flame so as to reach to 
B.(®') In the exterior cone, C, these particles underra 
combustion, and, in this state, produce less light than while 
intensely ignited in the inner flame. 

180. That the light given out by flame is owing to the' 
solid particles of ignited carbon, is evident from the fact that 
flames which contain the least carbon and the greatest 
amount of hydrogen give little light. Such is the flame 
of a spirit lamp. This, and the flame of pure hydrogen, give 
great heat but little light. Their great heat arises from the 
net that little or none is expended in igniting carbon, and 
this absence of carbon accounts also for the little light which 
they give. If any solid matter, as magnesia or lime, be 
thrown into the flame of hydrogen, this flame instantly be- 
comes more luminous. If a platinum wire be held in the 
same flame, it will become ignited and give out an intense 
white light. If, on the other hand, the solid carbon is burnt 
in such a manner as not to be intensely ignited, the flame 
gives out but little light. Thus if coal gas (185.) be min- 

sesses the greater attraction for oxygen t In what state is the caibon within 
the flame ? What then is the origin of the light of flame ? How may the un* 
burnt carbon be shown by experiment 1 What is said of the carbon in the ex- 
terior cone O ? 

]80. What facts show that the light giren out by flame is owing to the igni- 
tion of solid particles of carbon t What eflfect is produced by throwing solid 
matter in a state of minute division into a hydrogen or alcohol flame ? What 
effect has a hydrogen flame on a platinum wire 1 Is the light of flame in- 
creased or diminished by burning more e^ctuiUly th^ cvhon? How is (his 
ibown in the case of coal gas 1 
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Fig. «1. 




gled with an equal bu)k of air, the carbon bums more 
readily and becomes so feebly ignited that the gas loses half 
its illuminating power. 

181. When flames are cooled they are at the same time 
extinguished; hence, when a piece of wire* 
gauze is held in a flame, the smoke will pass 
through, but become too much cooled to ignite 
above. When this smoke is heated by a 
secoiyl flame brought »ear to it, it takes flre^ 
and bums above the wji:e-gauz€u(®*) Upon 
this principle the wftty lamp, (Fig* 61.) is con- 
structed. C is a cylinder of wixe-gauze, whidi 
terminates in a metallic ring, R. This ring 
screws on to the lamp, L. S is a tube extend^ 
ing nearly to the bottom of the lamp» that the 
end of tshis tube may be always covered with 
the oil of the lamp, and communication beh 
tween the air within and without the lampt in 
this way, prevented. Through this tube the 
lamp is filled with oiL At F, is seen the flfame 
and a bent wire foi: trimming the wiek^ 

When this lamp is carried into an atmosphere charged 
with explosive gas, a blue, flame is observed withija the 
gauze cylinder from the combustion of the gas, and the 
flame in the center of the lamp may be extinguished^ To 
provide against such casest a coil o{ platinum wire is attach- 
ed to the wick, which relights the lamp, when the nuner 
speedily returns to better air. This coil remains ignited by 
the property which platinum wire possesses of decomposing 
oils, alcohol, &c., as will be explained hereafter. 

182. The U&u^ipe is designed tq concentrate the heat of 
flame on a smaU object by a current of air 
blown through the flame. The blowpipe 
flame, (Fig. 62.) is ignited n^rly throv^h^ 
(mtt but diSbrent parts of the flame dififer 
in their degree of ignitioni and the extent 
to which the gas of the flame is consum* 

ed. Thus at the center of the flame, or A, the gas is periecdy 
consumed, as this is in the direct line of the air blown from 
the mouth. On the outside, or surface of the flame, the gas 
is also consumed, but between the outside and the center 
of the fl ame, thera is a thin stratum which is unconsumed, 

181. What is the effect when the temperature of flame is lowered ! By what 
experiment is this illustrated t Explain Fig. 61. 

io3. What \» the object of the blowpipe ? Explain Fig. 62. Whst portioa 
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and which accumulates towards the extremity^ in the space 
from B to C« This space, consequently, has a white color, 
and differs in chemical properties from the rest of the flame. 
At the point B, the gases are so hot that they have a power- 
ful attraction for oxygen, which they consequently absorh 
from most suhstances that are placed in this part of the 
flame. This part is dierefore called the reducing flume, as 
it reduces bodies from their oxides ; for example, when the 
oxide of lead is exposed on charcoal to this part of the 
flame, pure lead is reduced, or obtained. 

The outer portion of this flame is drawn out by the blast 
of air into a long cone> BC, the termination of which is of a 
blue color. In this part of the flame the gases are not so 
hot, and do not ^wrround the object at the termination of the 
ccme, at C. Hence, when a body is placed in this part of 
the flame, its oxyron is not taken away from it, but usually 
it acquires more from the atmosphere. This portion of the 
flame is therefore called the aandizing flame. The hotter 
part of the blowpipe flame is a point between the outer 
and the inner flame.('*) 

183. The axy-hi/drogert blowpipe is an instrument which 
produces the most intense heat by a flame of p- go 
hydrogen and oxygen. These gases are kept *** * 

in separate rejservoira but are made to unite 
by a compound gas jet. In Fig. 63, c and e 
are india-rubber tubes, connecting one widi the 
liydrogen and the other with the oxygen gas- 
ometen These are fastened to brass tubes pro- 
vided with stop-oocks, h and d. These tubes 
unite in the compound jet, tu The construc- 
tion of this jet is represented in Fig. 64. The 
•central dot is the aperture at which the oxygen issues. Fig. 64. 
To this aperture it is brought in the tube r^>resented 
by the dotted line. Outside this tube, and between 
it and the tube marked a, the hydrogen passes and 
issues between the two tubes, 9Jkd. around the jet of 
oxygen. The gases therefore do not mingle until 
they leave the tubes and at the flame itself. There is, there*- 
fl)re, no danger of explosion, while the hydrogen, being sup- 
plied within by the oxygen from the gasometer, and without 
by the oxygen of the atmosphere, bums in a flame of great 

of tke blowpipe flame is called the reducing flame ? Why is iteo called ! What 
IS meant by the oxidizing flame of the blowpipe? Why is this so called? 
•nri^* ^^^ ^ ^'^ ^^ ^® ozy-hydrogen blowpipe ! Explain Fig. 63.~Fig. 64. 
Why do &otthe mixed gases in this blowpipe explode ? To what is the great 
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Intensity. The quantity of the two ^ases can be easily 
regulated by the stop-cocks, h and d (Fig. 64.) 

By the oxy-hydrogen blowpipe, substances perfectly in- 
fusible in a common furnace melt at once. Platinum melts 
like wax, and is even volatilized. By bringing the flame to 
bear on a cylinder of lime, a most intense light is produced. 
This is the principle of the Drummond light, as will be 
shown hereafter. 

184. Heavy carbureUed hydro^eny oUfiant gas^ This gas 
has twice as much carbon as hght carburetted hydrogen 
(p. 121). It is prepared by mixing strong alcohol with five 
or six times its weight of sulphuric acid, in a capacious re- 
tort, and applying a gentle heat to the mixtui'e. If too much 
heat is apphed, the mixture foams up, and is apt to run out 
at the neck of the retort. Towards the latter part of the 
operation, carbonic and sulphurous acids are eiven off. The 
operation, therefore, should be discontinued after the gas 
ceases to come over freely. 

) 4 carbon -^Olefiant gas (C4H4 or CjHa.) 

Alcohol, > 6 hydrogen^ w**^ •* - im.) 

) 2 oxygen — A^--water (HaOj or HO.) 

* \^ f anilM with salph. acid.) 

Sulphuric acid -^^dilute sulph. acid. 

a aouitbD.) 



Olefiant gas is colorless, tasteless, and inodorous. Water 
absorbs one eighth of its volume by standing. It bums with a 
splendid white flame.(»«) It extinguishes a candle, for 
neither of its elements is a supporter of combustion. It is 
much heavier (sp. gr. 0-981) than light carburetted hydro- 
gen (sp. gr. 0-559), but both these gases are lighter than air. 
A mixture of one part of olefiant eras with three parts of 
oxygen, when inflamed, explodes wiui a loud report. It also 
forms an explosive mixture with ten parts of common 
air.(®^) Chlorine acts upon olefiant gas in a remarkable 
manner. When the two bodies are mixed, even in the dark, 
they combine in ecjual measure, and give rise to a heavy 
oily liquid of sweetish taste and ethereal odor, to which the 
name of chloride of hydrogen, or Dutch liquid, is given. It 

!.!!l™^!!^J*fl^^' u *°*® ^.^"*f ! S*'* ™*y ^® proportloii of either gas in the 
compound flame be regulated T MenUon some of the effects produced by the 
ozy-hydrogen blowpipe. 

*..i!f * ?Tw^ ?*■ the amount of carbon in olefiant gas compare with that in light 
carburetted hydrogen ! State the process for preparing olefiant gas and expSin 
the diagram. What are some of the properties of <3efiant gas T Why ^doea 
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IB from the formation of tbis oily substance by the mixture of 
two gases, that the term olefiant, (oil making,) is derived. 
When mixed with twice its volume of chlorine in a tall jar, 
and lighted on the top, it bums with a splendid red flame,' 
leaving a dense deposit of carbon on the mterior of the jar. 
In this experiment, the chlorine and hydrogen unite, forming 
hydrochloric acid, and the carbon is set free. Olefiant gas 
is decomposed by being passed through a tube heated to 
bright redness. If the temperature is very hieh, a deposit 
of charcoal is produced, and light carburetted hydrogen, or 
even free hydrogen, given off. 

Olefiant gas is given off naturally in great abundance at 
several places. A natural supply of this gas, mixed with 
light carburetted hydrogen, is used to light the city of Fre* 
donia, N. Y. It also occurs at Salina, and at Niagara, at the 
edge of the river above the rapids. At some of the salt 
works at Kenawha, Va., the kettles for evaporating the salt 
are heated by conducting the burning gas under them. 
Vast quantities of this gas are given off from the Artesian 
borings in those regions.('®) 

The gaa used in lightifig citiesy owes its illuminating pow- 
er to the amount of olefiant gas which it contains. Explo- 
sions often occur from the gas becoming mingled with the 
air of the house, by escaping from the jet. Only one-tenth 
part of the ^as is reqmred to render the air explosive. 
The gas for hghting cities is usuaJly made from coaL Were 
it not for its greater cost, oil gas would be much preferred 
to that made from coal, for it possesses far higher illumin- 
ating power. It is made by dropping oil into a red hot iron 
retort, filled with coke, which exposes a large ignited sur^ 
face to the oil. Illuminating gas may also be produced 
abundantly from cotton seed, and of a finer quality than 
that from either coal or oil, a process first discovered and 
described by Professor Olmsted.* 

185. Coal gas. In Fig. 65, some of the principal ar- 
rangements used in the gas works are represented. Ot^^f^i 

* American Journal of Science, Vols. YIII and IX. 

this |a8 extinguish combustion ? What is said of the specific gravity of tbis gas 
and light carburetted hydrogen t With what i)roportion of oxygen doet it form an 
explosive mixture? What are the j;)roportions for an explosive mixture with 
common air ? What is said of the action of chlorine on olefiant gas ? Whence 
is the name olefiant derived ? How may this ^s be decomposed t Which 
of the components is deposited? Which is given off? Mention some of 
the places where olefiant gas occurs naturally and in great abundance. To 
what does the gas used in lighting cities owe its illuminating power f Of what 
is this gas usually made ? Why is not oil gas used I From what other source 
may gas be produced ? 

12 



130 



BLEMENTS OF CHEMISTRY. 



«re, three retorts which project out from the brick work, 5, 
to a distance sufficient to allow the pipes, c, c, c, to pass out- 
side of the furnace. These pipes pass from the retort into 
a large pipe called the hydraulic main. They enter through 



Fig. 66. 




a stratum of condensed tar and water, which covers the 
bottom of the hydraulic main, and terminate in thimhltSj 
Jiffff which are supported above the pipes by bolts, g, g, g. 
A small pipe, h, carries off the excess of tar and water, 
which condenses in the hydraulic main. This pipe descends 
into the short cylinder, t, into which, consequently, the ex- 
cess of tar and water is emptied. When the cylinder is 
filled to the level of the pipe, j, the tar and water flow off 
through this pipe into the tar well, which is not represented 
in the figure. 

The gas rises through the pipes, c, c, c, passing through 
the thimbles, ^^^, beneath the stratum of tar and water, 
and^^^Ze^ up into the space above. From the hydraulic 
main it passes through the pipe, k, and descends into the 
large cylinder, L In this cylinder it meets with a very small 
stream of water, m, which is brought through the pipe, m, »i, 
from a reservoir of water, at an elevation oi fifteen or 
twenty feet above the cylinder, I, and consequently issues 



185. Ex^liiin Fig. 65. Which of the impurities of the gas are first removed ? 
How is this effected? What is the object, of the thimbles/,/,/;^ What 
impurity is removed from the gas in cylinder I ? How is this accomplished ? 
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witli great force. Striking on a projection within the 
cylinder^ this stream is dissipated in spray immediately in 
front g£ the stream of gas. The object of this arrange- 
ment will be explained below. The water from this spray 
i^oUects on the lower part of the cylinder, and passes on 
through die pipe ». The gas is carried off in the pipe o. 

The retorts, a^u, Oy are opened, and coal(*^) thrown in 
rapidly. To this, in some cases, a single shovel-full of rosin 
is added. The doors of the retorts are then closed and 
screwed up, so as to be air tight.(^^) The gas is driven off 
by the heat of the fire, beneath the retOTts. In this state it 
is so impure, as to be unfit for the purposes of illumination. 
The first object, therefore, is to remove these impurities. 
By a diminution of temperature, as the gas passes through 
the pipes, c, c, c, and into the hydraulic main, most of me 
coal tar and loeBtery vapor is condensed. The remainder is 
afterwards condensed in the pipes and cylinders, through 
which the gas passes. The object of the thimbles, J? fyf, is 
to briok l^e connectUm hetween the pipes^ c, c, e, or between 
the retorts, a, a, cu By this arrangement, when one of these 
r^orts is opened, the gas from the odier retorts, and the 
hydraulic main, cannot descend through the pipe, c, and 
escape into Uie air. 

W hen the tar and watery vapor are condensed, the next 
object is to absorb the ammonia, which b another impurity 
dTthe gas. This is done by the small jet of water m the 
cylinder, L The very fine spray into which this jet is dis- 
sipated, brings the water and the 
^as into perfect eontaet, and pro* 
duces a complete absorption oi the 
ammonia. 

The remaining impurities of the 
gas are, chiefly, sulphuretted hy- , 
drogen ^ixid carbonic acid. To re- 1 
move these, a box, a, (Fig. 66.) 
containing slaked lime is employ- 
ed. The construction of this box 
is seen in Pig. 67, The gas en- 
ters at b, heneaJbh a frame work 
of wire-gau2e. The slaked lime 
is placed upon this wire-gauze, 
through which the gas passes and 

Explain Fig. 66.— Fig. 67. How is the purity of the gas alter passing through 
the lime boxes determined ? To what Aoe^ the gas pass from these boxes ! Ex- 
plain the principle of ^e gasometer ;^t9 coosMruc^ioft. fot wbftt purpose is wa- 
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leayes the box at c. By passiiig through the apeitures 
of the wire-g^uze, the gas is brought into perfect contact 
with the Iime« It is necessary that the gas should pass 
through three of these boxes, before it is sufficiently pure 
for use. The degree of its purity, is determined by test- 
paperst which are prepared with acetate of leadL One of 
these test-papers is held over the stop-cock, d, (Fig. 66.) 
which is then opened, and a stream of gas let out on the 
paper. If sulphuretted hydrogen be present, it immediately 
olackens the paper, by the formation of sulphuret of lead. 
This effect is instantaneously produced by the gas from the 
.first box, after sometime by that from the second, and not 
at all by that from the third. 

The gas being purified, passes from the lime-box through 
the pipe, c, (Fig. 67,) to the gasometer. This is a large re- 
servoir of peculiar construction, designed to receive all the 
gas which is made, both during the day and night, and to 
distribute this by the pressure of its weight, t&ough the 
pipes of the city. The general principle of its construction 
may be illustrated in the folloveing way — 

!u a receiver, like one of those represented in Fig. 35, 
page 67, be filled with water, it vnll sink beneath the sur- 
face, and may there be inverted. It now stands entirely 
beneath the surface of the water, and rests upon the bottom 
of the pneumatic troueh. Underneath the receiver intro- 
duce a bent tube, and force a small portion of air within. 
This will rise, and, if in sufficient quantity, it vnll buoy up 
the receiver so that it will float in the water. 

The gasometer may be considered as an immense re- 
ceiver. A pipe from the gas-works introduces gas from be- 
neath, and the cylinder is buoyed up from the water by 
which it is surrounded, and with which it is at first filled. 
This cylinder is surrounded by another which holds the wa- 
ter, and between the outer and the inner cylinder, wheels 
are placed by which the rise and fall of the inner cylinder 
is effected with less friction. A nmst also runs up from the 
center, which serves to steady the inner cylinder against 
winds, and other causes of agitation. From the gasometer 
the gas passes off in a large pipe to the city. 

In the general description given above, several facts have 
been omitted. Some of these may now be mentioned \ espe- 
cially those which illustrate chemical principles. 

ter kept in the iron trough beneath the fire ! How does the rapor of water in- 
ci«ase the ener^ of the fire ? What is the fuel employed in gas-works ? How 
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r In Fig. 65, p. 130, is seen an iron trough p, which is kept 
constantly full of water. The vapor of this water rising 
through the fire, is decomposed, its hydrogen is burnt, and 
thus affords a volume of flame which plays about the retorts, 
and greatly increases the effect of the fire. The oxygen of 
the water also increases the intensity of the combustion. Wa- 
ter is used with the same kind of coal, and for a similar 
purpose, in the blacksmith's forge. 

The fuel employed is coke. This is made in the retorts, 
and is what remains from the coal after the gas is driven 
off. When drawn out of the retorts, the coke is in an ig- 
nited state. It is therefore received into iron waggons, and 
dravm without the building, where it is extinguished with 
water. By this process it absorbs a great deal of water, 
and this, as well as that which rises in vapor from the iron 
trough beneath the fire, is an important part of the fueL In 
this way, the coke produced is usually found more than suf- 
ficient for the supply of the fire. The excess is sold, and is, 
therefore, one of the items of profit in gas works. The coal- 
tar is also sold, and has of late come to be in demand as an 
article of fuel in glass works, being used instead of rosin, 
which has been hitherto employed, to increase the intensity of 
their fires. The lime from the boxes, (Fig. 67,) being charged 
with carbonic acid and sulphuretted hydrogen, is valuable for 
manure. The ammoniacal liquor produced in cylinder /, 
(Fig. 65,) is sometimes used for the same purpose. 

Phoaphorua. Hydrogen, SymbcL 

Fhosphuretted hydrogen, 31 3 PH,. 

186. Fhosphuretted hydrogen is formed, when the phos- 
phuret of calcium is acted on by water. For this purpose, 
fill a small retort with water, entirely Jhdly and, through the 
top or neck of the retort, drop a few pieces of the phosphu- 
ret of calcium. These will sink to the bottom of the retort, 
and a stream of gas will rise to the top and inflame on com- 
ing in contact with the air. The neck of the retort is now 
closed with the stopper, and the gas, gradually Increasing in 
amount, at length fills the retort and excludes the water, 
and finally issues from the retort, and rises above the water 
in bubbles, that inflame on coming in contact vnth the air, 

is this obtained ? What is done with the excess of coke t— the coal-tar \ - re* 
fuse lime ? — ammoniacal liquor t 

186. Write the composition and symbol of phosphuretted h^drogent State 
tbe method of preparing this gas ;— the second method. Explain the diagram. 
12* 
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Thd gas may be collected in jan, by the displacement of 
water. 

Phoaphuretted hydrogen may also be made by filling a 
amall retort with water, containing quicklime recently slaked. 
Into the retort thus prepared, drop a few pieces of phospho- 
rus, and apply a gentle heat. The ^ will gradually accu- 
mulate, as in the last process, and drive out the lime-water ; 
it will then issue from the retort in bubbles, which are spon- 
taneously inflammable. 

Phosphorus, -^Phosphuhetted htdrooek. 



(plMMofftacu.) 



WaterJ^y^^S^^ 
'^*''^»\ oxygen s,^^ 

Phosphorus, -^Nr^ oxide of phosphorus. 

^^s^^^ <awtM wUh luM.) 

Lime ■ -^hypophosphite of lime, sol. salt. 

(niMuu ia aohtliOD.) 

If a small jar of phosphuretted*hydrogen be collected, 
and inverted in contact with the air, it will bum with a 
beautiful white flame. When kept over water for some 
time, it loses this property, without undergoing any appre- 
ciable change. Cfharcoal, and other porous absorbents, also 
destroy the spontaneous inflammability of this gas, and the 
same effect is produced by a minute quantity of several com- 
bustible bodies, as the vapor of potassium, ether, or essen- 
tial oil. It detonates with oxygen, combining with half its 
volume of this gas. Only one bubble of either of these gases 
should be let up into a jcu: of the other at a time, as a much 
larger quantity would produce a violent explosion. Phos- 
phoretted hydrogen also explodes with chlorine, giving a 
brilliant greenish- white light. With nitrous oxide gas, it de- 
tonates by the electric spark. It is somewhat heavier than 
air (sp. ffr. 1*24.) Its odor is very disagreeable, resembling 
the smefl of fish in a state of decomposition, which is owing 
to the formation of this gas. 

Phosphuretted hydrogen may be prepared in such a man- 
ner as not to be spontaneously mflammsible. It exists, there- 
fore« in two aUotropic states, as a spontaneously inflammable 
gas^ and a gas not spontaneously inflammable. 

Phosphuretted hydrogen decomposes some metallic solu- 

Wbat is the most remarkable property of phosphuretted hydrogen ? How may 
its spontaneous inflammability be destroyed T In what proportions does it deto- 
nate with oxygen ? With what other gas does phosphuretted hydrogen explode ? 
How may it be exploded with nitrous oxide gas ! What other properties of 
pbospfauretted hydrogen are mentioned T 
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tions, as those of copper and mercury, and forms metallic 
phosphides. When pure, it is entirely absorbed by sul- 
phate of copper and by chloride of lime. 

187. The following table exhibits the composition, sym- 
bols, and combining numbers of the neutral compounds of 
the non-metallic elements. 



Nitrogen 
Oxygen 

Carbon 
Oxygen 

Carbon 
Hydrogen 

Phosphorus 
Hydrogen 



NEUTRAL COMPOUNDS. 

1. OXYGEN COMPOUNDS. 

) Nitrous oxide NO. 

> 14+8=22. 
) Nitric oxide NOj. 

14+16=30. 

> Carbonic oxide CO. 

) 6+8=14. 

2. HYDROGEN COMPOUNDS. 

J Light carburetted hydrogen CH,. 
i 6+2=8. 

J Heavy carburetted hydrogen C, H,. 

12+2=14. 

> Phosphuretted hydrogen PH,. 

) 31+3=34. 



ALKALINE COMPOUND OF NON-METALLIC 
ELEMENTS. 



Ammonia, 



Nitrogen, Hydrogen, 

14 3 



Symbol, 



188. Ammonia is the only alkaline compound of the non- 
metallic elements. It is prepared' from equal parts of 

1S7. Write the composition, symbols, and combining numbers of the neutral 
oxygen compounds of the non-metallic elements ;— the nydrogen compounds. ^ 
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muriate of ammonia, or sal ammoniac, and freshly slaked 
dry lime. These are mingled and heated in a glass or iron 
vessel ; in the latter, when the quantity of the mixture is 
considerable. It may be collected by inverting a jar over 
the end of the tube from which the gas issues. Being 
lighter than air, it will displace it(i®®), and fill the inverted 
jar. It may also be collected over mercury. 

f ammonia Ammonia. 

Sal am- 1 o— offM^..). 

moniac, ) hydrochlo- f hydrogen — —^r water.* 
' (^ric acid, ) chlorine ^^^"^ 

® " \ calcium —^chloride of calcium. 

(iWMiiu in the iHort) 

Ammonia is a colorless gas, with a pungent, exciting, 
and enlivening odor. By its caustic properties it acts pow- 
erfully on the eyes and nose. It cannot be breathed m its 
pure form ; but, when diluted with air, it may be taken into 
the lungs with safety. It does not take fire with the flame 
of a candle, nor does it suppoit combustion. The flame is» 
however, considerably enlarged, and is tinged with a pale 
yellow color when immersed in the gas. A small jet of 
ammonia bums in oxygen, and, in about equal volume8,t it 
forms with oxygen an explosive mixture. With iodine, 
ammonia forms an explosive compound, called the iodide qf 
nitrogen. It is prepared by dropping a few grains of iodine 
into a phial of dry ammoniacal gas. The iodine is agitated 
in contact with the gas, and it becomes gradually changed 
to a viscid brown substance, which is a compound of iodme 
and the nitrogen of the ammonia. This substance is ex- 
ploded by the warmth of the hand with great violence. 

Like tLe compounds of carbon and hydrogen, this gas is 
lighter than air. The specific gravities of these three gases 
are, 0*559 (light carburetted hydrogen), 0*589 (ammonia)» 
0*981 (defiant gas). 

Ammoniacal gas may be separated into its elements by 

* Passes off in rapor, which, as it condenses, absorbs a small quantitj of the 
ammonia, 
t Four of ammonia to three of oxygen. 

188. What is the only alkaline compound of the non-metallic elements? 
Write the composition and symbol of ammonia. State the process for prepar- 
ing ammonia. Explain tjie diagram. Mention some of the properties of am- 
monia. In what way may ammoniacal gas be separated into its elements ? At 
what temperature and pressure does it become a liquid t To what extent is 
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passing electrical sparks through it for a considerable time, 
tinder a pressure of 64 atmospheres, at 50°, it becomes a 
transparent, colorless liquid. This gas is absorbed by char- 
coal to the extent of 90 times it volurae.(^®^) 

Water dissolves about 7000 times its volume of ammonia- 
cal gas, forming a solution which is known by the name of 
liqtior amm(mi(B,{^^^) By heat, the greater part of the gas 
can be again expelled. The concentrated solution is a clear, 
colorless liquid. Its density is nearly that of water, (sp. gr. 
0.875.) It possesses the odor, taste, and other properties of 
the gas itself. It is not corrosive, but tastes highly alkaline. 
When cooled slowly to-^40®, it crystalizes in long needles 
of a silky lustre. On account of its great volatility, it must 
be kept in well stopped bottles. Alcohol also dissolves 
ammonia in large quantity. . 

Ammonia in a free state, is known in three ways, by its 
odor, by its action on vegetable infusions, or reddened lit- 
mus paper(^®'), and especially by the white cloud formed on 
bringing to it a rod moistened with hydrochloric acid.(^®*) 
In any of its salts it can also be detected by being heated 
with hydrate of lime, or solution of caustic potash or soda, 
by which these salts are decomposed, and ammonia evolved 
in a free state.(^®*) 

Ammonia is given off in vast quantities in the decomposi- 
tion of animal and vegetable substances. Its salts form ex* 
cellent manure for soils. They are the principal ingredient 
in many kinds of manure, and, therefore, the escape of am- 
monia from manure heaps, should be prevented by sprink- 
ling them from time to time, with diluted sulphuric acid, or 
by strewing gypsum over them. These substances form 
with the ammonia, sulphate of ammonia, a salt which does 
not volatilize at common temperatures, and which is bene- 
ficial to the soil, both from its ammonia and its sulphuric 
acid. Moist, absorbent earth answers the same purpose to 
some extent. 

Ammonia exists also, combined with acids, in some of the 
saline products of volcanoes, and, in very small quantities, 
it may be detected in sea-water. It exists in small quantity 
in the air, especially in towns where bituminous coal is 
burned to a great extent, and in large cities. Small stel- 

ammonia absorbed by charcoal t — by water ! What is its solution in water 
called ? Mention some of the properties of this solution. In what three ways 
is free ammonia detected ? How may it be detected in its salts ? What are 
some of the sources of ammonia ! In what way may the escape of ammoni|k 
from manure heaps be prevented ? What is the action of aulphuac acid or 
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lated crystals of the sulphate of ammonia are sometimes ob- 
served on the windows of these cities. 

The composition, symbol, and combining number of this 
alkaline compound are 

Nitrogen ^ 

> Ammonia NH3. 
Hydrogen ) 14+3= 17. 



Fi«.68. 



ENDOSMOSE, EZOSMOSE, DIFFUSION OF GASES. 

189. A glass tube, a, (Fig. 68.^ is closed at the bottom 
by a diaphragm, d, (a piece of bladder, india rubber, &c.) 

and filled with a liquid to h. It is then 
placed in the vessel, b d, which contains a 
liquid different from that which the tube 
contains. Both liquids beine at the same lev- 
el, at ht the tube is allowed to remain for a 
time, when it is foimd that both liquids pass 
through the diaphragm at the bottom of 
the vSoe, but that this exchange takes ^ace 
unequally, so that the volume of one of the 
liquids increases, while that of the other 
diminishes. The stronger current, whether 
this comes from the liquid of the tube to 
that of the glass, or in the contrary direc- 
tion, is called endosmose, the weaker, eocos' 
mose. Sometimes the two currents are of 
the same strength, so that the level in both 
the tube and the glass remains unaltered. 

190. Endosmose and exosmose take pl€u>e, not merely 
through an animal membrane, but also through baked, but 
unglazed or porous earthen-ware, through the stems of 
plants, and through a great number of other substances. 
When an india-rubber bottle is filled with ether, and placed 
in alcohol, the endosmose or stronger current is from the 
ether to the alcohol, and the bottle thus empties itself. If, 
on the other hand, the bottle is filled with alcohol and placed 
in ether, the endosmose of the ether distends the bottle, by 
augmenting the volume of the alcohol. At the same time, 

gypsum in this case ? Where is ammonia found combined with acids 1 Write 
the composition, symbol, and combining number of ammonia. 

189. Explain Fig. 69. What is meant by endosmose ?— ^xosmose 1 

190. Through what subsUnces does endosmose take place ! Mention some 
examples of endosmose through india-rubber. When ether, alcohol, and water, 
•re compared, in what way does endosmose take place through india-rubber ? 
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exosmose takes place, or tbe alcohol passes out of the bottle 
into the ether, but the current in this direction is much 
weaker. If the bottle is filled with ether and placed in 
water, the ether passes into the water, and the contents 
of the bottle diminish. If filled with alcohol, the same effect 
takes place, though, as mentioned above, the bottle thus 
filled, distends in ether. If water be used to fill the bottle, 
it will distend in either alcohol or ether. Endosmose, through 
india-ruhher is, therefore, from ether to alcohol or water, 
and from alcohol to water. 

191. If a bladder be tied over a glass filled with alcohol, 
and the glass be inverted under water, the endosmose of 
the water to the alcohol is so powerful, that the bladder 

•swells up, and when pricked with a needle, the alcohol 
spirts out in a long stream. In this case the endosmose is 
opposite to what it was in the last, being from the water to 
the alcohol, while with india-rubber, it was from alcohol to 
water. The same change of endosmose, occurs between 
water and ether. 

192. Endosmose is directed from water to solutions of 
glue, gum, sugar, and white of egg ; the rise of these li- 
quids m the tube, d, (Fig. 68,) when they have the same den- 
sity with each other, is as the numbers, 3, 5, 11, 12, the 
first number, or 3, representing the rise of the solution of 
glue, the second number, or 5, that of gum, the third num- 
ber, or 11, that of sugar, and the number 12, that of the 
white of egg; the last, therefore, causes the greatest endos- 
mose from water. 

193. Diffusion of gases. This principle has already been 
mentioned and partially described, (111.) It is not, however, 
confined to the ^ases which make up the atmosphere, but is 
a property of ail gases. Though many of the gases differ 
from each other very greatly in their specific gravities, yet 
they difiuse themselves through one 

another, and form a uniform mix- J?' * 

ture. A bottle, a, (Pig. 69.) is pro- 
vided with a bent tube, ^, and laid 
horizontally upon a table. Differ- 
ent gases are introduced within this 
bottle, and it is so placed that the 
tube, t, shall be turned downwards, if the gas is lighter than 
the air, and upwards if the gas is heavier than the air. The 

191. In what way does endosmose take place through bladder ? 

192. To what nolutions is endosmose directed from water 7 

193. Is diflfusion a property of all gases ? Explain Fig. 70, Which 
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gBB IB found to escape from tbe bottle contrary to its specific 
gravity, and its place becomes supplied with air. Tbe com- 
parative rapidity with which this takes place in the different 
gases, may be seen from the following table : 
Of 100 volumes of gas there disappeared — 





Sp.gr. 


In 4 boon. 


In 10 hours. 


Hydrogen 


1 


81-6 


94*5 


Light carb. hyd. 


8 


43-4 


62-7 


Ammonia 


8-5 


41-4 


59-6 


Oleiiant gas 


14 


34-9 


48-3 


Carbonic acid 


22 


31-6 


47-0 


Sulphurous acid 
Chlorine 


32 


27-6 


46-0 


35-4 


23-7 


39-0 



From this table it appears that gases escape the more 
rapidly the lighter they are, and their jxnoer of diffusion prob- 
ably varies in the inverse ratio of the square roots of their 
specific gravities. Thus 47 measures of hydrogen escaped 
in two hours, and the same volume of carbonic acid in ten. 
Now this proportion of 10 : 2, or 1 : 5, is nearly that of the 
square root of 1 (sp. gr. of hyd.) to the square root of 22^ 
(sp. gr. of carb. acid.) 

194. If the bottle contains a mixture of two gases, the 
more diffusible of the two will escape in greater proportion 
into the air, and the less diffusible in smaller proportion, 
than if each gas were contained alone in the bc^le. This 
will take place, although the bottle be so placed that gravity 
will favor the less diffusible, and oppose the more diffusible 

§as, as when hydrogen and carbonic acid are mixed, and 
le bottle containing the mixture is so placed that the tube 
opens downwards. In this case, the hydrogen will escape 
in greater proportion than the carbonic acid, and mpre ra- 
pidly than it would if the carbonic acid were not present, 
while the latter will escape less rapidly, on account of the 
presence of hydrogen. In the same manner, if two flasks 
are connected by a tube, as represented on page 72,* and 
the upper flask is filled with equal mea.sures of hydrogen, 
{Bp. gr. 1,) and olefiant gas, (sp. gr. 14,) and the iQwer with 
carbonic acid, the upper flask wifl, after ten hours, be found 

♦Thelowerflaak in this ciae should be seven times larger than the 



iH'^J^ *M«!f ** I^'^w of diffusion ? By what rule may this power be deteru 

mined ? How i« ^^ illustrated ' 

^194. Wh^l effect has mixture on the diffusion of gases T How is this iUos- 
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to contain only ^ as much hydrogen hy volame, as the ole- 
fiant gas. Though the volumes of the hydrogen, and the 
olefiant gas were at first equal, and though hydrogen is 14 
times lighter than olefiant gas» it has descended into the lower 
flask 4 times as rapidly as the oleiiant gas, while carbonic 
acid, the specific gravity of which is 22, and which is there- 
fore heavier than either gas in the upper flask, has risen to 
supply the place of a portion of both these gases. 

195. Mixture of gases likewise takes place when they are 
separated by a porous hody, or by & cracked glass vessel. 
Hydrogen kept in a cracked receiver, standing over water, 
escapes by degrees through the crack into the surrounding 
air, and the water in the receiver rises to the height of 2^ 
inches above the outer level. With the hydrogen which 
lias not escaped, but still remains in the receiver, 7 per cent, 
of nitrogen is found, which has entered by exosmose from 
the external air. The exosmose, in this case, is confined to 
the nitrogen of the external i^ir, for no oxygen is found 
within the receiver. In the same manner hydrogen escapes 
CAit of bottles closed even with well ground stoppers, if the 
stoppers are not greased. If the cracked receiver, contain- 
ing hydrogen, be placed over a trough of merctiry, and cov- 

'.ered with an uncracked- receiver, containing carbonic acid, 
oar air, the mercury will rise in the inner receiver to the 
height of an inch or two^ and sink in tibe ,same proportion 
in £e outer. This difference would b6 still greater, but, 

.when it amounts to about two. inches, Xh^presswre, or weight, 
of the mercury in the inner receiver, draws the air, or car- 
bonic acid, from the outer receiver, through the crack, thus 
conipehsating in volume for the hydrogen V^hich has escaped. 
It the experiment be reversed, and the cracked receiver 
be filled with air, and the outer receiver with hydrogen, 

.the mercury will rise in the outer and sink in the inner, 
proving that the hydrogen makes its way downwards through 
the inner and cracked receiver, contrary to, its specific 
gravity. . 

196. If a sheet of india-rubber be tied, over the opening 
<^ a wide-mouthed bottle full of hydrogen gas, it is soon 
pressed inwards, even to bursting. If the bottle be filled 

195. Under what other circomstaiices does the mixture of gases take place ? 
By what facts is this shown ? When the cracked receirer contains hydrosen 
and is surrounded by a receiver containing carbonic acid over mercury, what 
action is observed ? What is the action when the experiment is reversed, or 
when the outer receiver contains hydrogen and the inner and cracked receiver 
contains caibcmic acid t 

13 



142 



ELEMENTS OF CHEMI8TRT. 



Fig. 70. 



with air, and placed in an atmosphere of hydrogen, the 
swelling and hursting take place outwards. A well closed 
bottle of india-rubber, if perfectly empty, does not distend 
when placed in hydrogen gas ; but if it contains a small 
quantity of air, distention takes place. Almost all other 
gases, except nitrogen, exhibit the same relations towards 
common air as hydrogen does, but in different degrees. To 
measure their various powers of diffusion, an apparatus, like 
that represented in Fig. 70, is employed. A siphon tube, 
a, is funnel-shaped at the shorter aim. 
A sheet of india-rubber is tied over this 
arm, and the other arm is made very 
long. Mercury is poured into the longer 
arm, so that it rises in the shorter arm, 
and encloses a portion of air beneath 
the india-rubber. The shorter arm is 
then introduced under a receiver, b, 
standing over mercury, and filled with 
. the gas to be examined. This gas pen- 
etrates the india-rubber, mixes with the 
air beneath, and, increasing its volume, 
causes the mercury to rise m the longer 
arm, sometimes to the height of 63 in- 
ches, or more than twice its usual height 
in the barometer. It might be driven higher if the india- 
rubber could sustain a greater pressure without bursting. 
By experiments of this kind on different gases, it is found 
that the same volume of ammonia passes through the india- 
rubber to the air beneath in 1 minute, as of sulphuretted 
hydrogen in 2 J, of carbonic acid in 5^, of hydrogen in 37 J, 
of oxygen in an hour and 53 minutes. Some of these gases 
are absorbed by the india-rubber, causing it to swell up. Of 
carbonic acid it absorbs an equal volume. 

197. A moist bladder, or moistened gold beaters* skin, 
acts like a sheet of india-rubber. A moist bladder, two- 
thirds filled with coal gas, or air, swells when suspended in 
carbonic acid gas, and finally bursts. In this experiment 
as much as 40 per cent, of carbonic acid sometimes mixes 
with the coal gas, while only a very small quantity of the 

196. When a sheet of india-rubber is tied over the opening of a wide-mouthed 
bottle fiill of hydrogen gas, the bottle standing in the open air, what effect is 
produced ? What is the effect if the bottle is filled with air and placed in 
an atmosphere of hydrogen 1 Explain Fig. 70. Mention some of the results 
obtained by this apparatus. 

197. What facu are mentioned to illustrate the action of moistened bladder ? 
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latter escapes into the atmospliere of carbonic acid. If the 
bladder were perfectly dry, it would not distend in carbonic 
acid ; the endosmose of the carbonic acid is, therefore, owing 
to its absorption by the water of the moistened bladder, by 
which it is transmitted to the inner surface of the bladder, 
and there given up to mingle with the air. A bladder mod- 
erately wet, expands more than one that is thoroughly soak- 
ed, for the thinner the film of water that absorbs the gas, 
the sooner will the gas reach the opposite surface. If the 
bladder containing air be moistened with alcohol (which ab- 
sorbs carbonic acid more readily than water does), it will 
expand in an atmosphere of carbonic acid as quickly as if 
it were moistened with water, but not more so. If, on the 
other hand, the bladder be rubbed wijh olive oil, or oil of 
anise (neither of which absorbs carbonic acid), it will not ex- 
pand in carbonic acid. In sulphuretted hydrogen a wet 
bladder containing air will expand more quickly than in 
carbonic acid, and, after being distended as far as possible 
in carbonic acid, it will expand still further if placed in an 
atmosphere of sulphuretted hydroeen^ 

198. When gases are generated in earthenware retorts, 
or conducted through earmenware tubes, portions of these 
gases escape through the* pores, and are replaced by air 
entering from without. When these earthen vessels are 
placed in the fire, nitrogen and carbonic acid enter in place 
of the gas which escapes. If we heat water, hydrate of 
lime, or moist clay, in an earthen retort, either to redness, 
or just above the boiling point of water, 
very little water is evolved at the end of '^'J' * 

the retort, the greater part escaping 
through the pores ; but there is obtained 
a great quantity of atmospheric air, which 
sometimes amounts to ^^ of the weight 
of the water present, but contains less ox- 
ygen and more carbonic acid (derived 
from the fire), than common air. If the 
retort is inclosed in a receiver, (Fig 71.) 
standing over mercury, the neck of the re- 
tort passing, air-tight, through an opening in the top, and 

■ ' ' '\ 

Why is it necessary that the bladder should be moist ? What effect is pro- 
duced bv moistening the bladder with alcohol ? — \3y rubbing it with olive or anise 
oil ? What is the action of a moistened bladder in sulphuretted hydrogen { 

198. What effect is produced when gases are generated in earthernwate re- 
torts or conducted in earthemware tubes \ — when these earthem ressels are 
placed in the fire t — by heating water, hydrate of lime, or moist clay, in an 
eaithern retort ! Explain Fig. 71, Whence is the air that issues from the end 
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heat is applied by means of a large lens, a considerable 
quantity of air issues from the open end of the retort, water 
collects over the mercury in the receiver, and this (the mer- 
cury), rises 3^ inches, if the . retort is - made of compact 
earthenware, and to a smaller height if it is more porous. 
The air that issues J&om the end of .the . retort, is derived 
in pnxt from that which penetrates the retort from the 
receiver by exosmose, while, by endosmose, the watery 
vapor escapes into the receiver, where it is condensed 
on the sunace of the mercury. If the receiver contains 
hydrogen, or nitric oxide, these gases, in the same way, 
issue firom the open end of the retort, and the mercury also 
rises in the receiver. From the same cause, when the vapor 
of water is passed through the tube of a tobacco-pipe heat- 
ed to redness, a mixture of gases is obtained, differing little 
from common air. The same phenomena are exhibited by 
vessels, or tubes, of chalk, or white marble. The mixing 
of gases through earthenware retorts, explains the incorrect 
results which dbemists formerly obtained. It was formerly 
supposed that the vapor of water was converted into nit- 
rogen gas, by being passed through red hot tubes. 



METALLIC ELEMENTS. 

199. The metals are forty-nine* in number. Of these, 
seven, viz., gold, silver, mercury, copper, iron, tin, and lead, 
were known to the ancients; the remainder have been dis- 
covered within a period comparatively recent, and most of 
these vnthin the last half century, 

200. The properties of metals may be divided into the 
general properties, or those which are common to all metallic 

s 
* Fifty-oxi«, if niobium and ilmenium be included. 

9[ ^« earthem retort derived T Whence is the water that ia condensed on 
the mercojy obtained ? What effect is produced when hydrogen or nitric ox- 
ide suiTound the retort in the receiver? What is the effect of passing the 
vapor of water through the tube of a tobacco-pipe heated to redness ? Why did 
cbemists formerly suppose that watery vapor was converted into nitrogen in 
P*J"«^i5«>ughid.hSttubesT 

w^iTl ^"*'i« the number of metals at present known t How many of these 
were known to the |^lC4e^ta ? 
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bodies, and distinguish them from bodies not metallic, and 
the pectdiar properties, or those which belong to and char- 
acterize particular classes of metals. 

The general properties of metals are : (1.) They are all 
conductors of heat and electricity. (2.) All metals possess 
a peculiar lustre, so characteristic as to be called the metal- 
lic lustre. This property is doubtless connected with an 
extraordinary degree of opacity which the metals present 
in every instance. The thmnest leaves or plates, the edges 
of crystaline laminae, arrest the passage of light in the 
most complete manner. Even the greenish color of gold 
leaf, when held up to the light, is probably owing to the 
passage of light through innumerable holes, produced by 
beating the leaf to great fineness. The metallic lustre is 
destroyed by every cause which breaks the continuity of the 
surface, as when the metals are reduced to powder, or wliien 
a rough surface is produced by casting. In the latter case 
it may sometimes be restored by pressure with a burnisher, 
as in castings of gold and silver. (3.) All the metals com- 
bine with oxygen, and, when thus combined, they generally 
lose their metallic lustre. (4.) When the compounds of 
the metals are submitted to the action ^of galvanism, the 
metals appear at the negative pole of the battery. (5.) All 
the metals are combustible. Zinc bums with a brilliant 
flame, when heated to redness in the open air ; iron bums 
splendidly in oxygen gas, and the most refractory metals 
bum under the flame of the oxy-hydrogen blowpipe. 

Amone the peculiar properties of metals, or those prop- 
erties which belong not to all, but to certain classes of metals, 
are : (1.) Malleability, or the property of bein^ extended 
under the blows of the hammer. (2.) Laminability, or the 
property of being rolled out into sheets. Tin and platinum 
are easily rolled out into foil. Silver bars are rolled out 
into strips, for the manufacture of spoons and coin. Iron 
and zinc are rolled out into sheets. (3.) Ductility, or the 
property of being drawn out into wire. Nearly all the 
malleable metals are also ductile ; but this is not always the 
case. Iron, for example, cannot be beaten out into thin 
laminae, but it may be drawn into fine wire. Dr. WoUastga 
devised a method by which gold wire might be obtained, so 

200. How may the properties of the metals' be^ dinded ! State the general 

froperties of metals. With what is the peculiar lustre of metals connected ? 
low may this lustre be destroyed! How may it be in some cases restored T 
What effect has combination with oxygen upon the lustre of metals t What ia 
the action of galvanism upon the compounds of metals ? What examples aro 

13* 
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fine that its diameter was only 3,^ of an inch, and 550 
feet of it weighed only a grain. He obtained a platinum 
wire BO fine, that its diameter did not exceed ig,^ of an 
inch, (4.) Metals differ very much in their specific gravi- 
ties. Potassium and sodium are lighter than water, while 
platinum is nearly 21 times heavier than that fluid. 



Table of specific gravities of metals at 60°. 



Platinum 20-98. 



Qold 

Tungsten 

Mercury 

Lead 

Silver 



19-26. 
17-60. 
13-57, 
11-35. 
10-47. 



Bismuth 9-82. 



Copper 

Cobalt 

Arsenic 

Iron 

Tin 



8-89. 
8-54. 
5-88. 
7-79. 
7-29. 



Zinc 



6-86 to 7-1. 



Manganese 6*85. 
Antimony 6-70. 
Titanium 5«30. 
Sodium 0-972. 
Potassium 0-865. 



Mercury, 


—390. 


Potassium 


1360. 


Sodium 


190O 


Tin 


4420 



(5.) Metals differ as much in fusibility as in density. 

Class I.— Metals fusible below a red heat (1,000<'.) 

Bismuth 497°. 

Lead 6120. 

Zinc 7730. 

Antimony, just below redness. 

Class II. — Metals infusible below a red heat. 

Silver 1873°. I Gold 2016o. 

Copper 19960. | Cast iron 2786°. 

Class III. — Metals difficult of fusion in a wind furnace, 

Cl^as IV.. — Metals inftcsible in a wind Jumace, fusible by the 
oxy-hydrogen blowpipe. 

Titanium. I Rhodium. 

Iridium. Platinum. 



Some metals acquire a pasty or adhesive state, before be- 
coming fluid. This is the case with iron and platinum, and 
with sodium and potassium. It is this peculiarity which con- 
fers the valuable property of weldings by which pieces of 

nYen of the combiution of metals ? State the properties which are peculiar 
to classes of metals. What four metals possess the property of welding \ To 
Mrhat is this property owing 1 Mention some of the volatile metals. 
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iron and steel are united without solder, and finely divided 
platinum sponge is converted into a solid and compact bar. 

(6.) Volatility is possessed by some of the metals, and per- 
haps, by all, could temperatures sufficiently elevated be ob- 
tained. Mercury boils and distils below a red heat ; potas- 
sium and sodium, and zinc and cadmium, rise in vapor, 
when heated to bright redness : mercury, arsenic, and tel- 
lurium are volatile. 

(7.) The metals differ greatly in their attraction for oxygen. 
Potassium and sodium are oxidized by mere exposure to 
the air, and thiey decompose water at all temperatures when 
they come in contact with it, taking from the water its oxy- 
gen by which they are oxidized. Iron and copper may be 
exposed in dry air without change, but they are slowly oxi- 
dized, by exposure to a moist atmosphere, and combine ra- 
pidly with oxygen, when heated to redness in the open air. 
The affinity of copper for oxygen, is less than that of iron, 
and that of mercury, is less than that of copper. Pure mer- 
cury does not attract oxygen from the air, but its amal- 
gams (juickly become oxidized. Gold will bear the most 
mtense heat of a wind furnace without oxidizing. 

(8.) Many of the metals have a structure decidedly crys- 
taline. Iron is fibrous; zinc, bismuth, and antimony, are 
lainellated, or crystalized in thin plates. Gold, silver, and 
copper, occur naturally in crystals, and other metals crys- 
talize when they are gradually cooled from the melted 
to the solid state. 

201. Metallic Combinations, These are of two kinds; 
those formed by the union of the metals among themselves, 
and compounds with the non-metallic elements. The for- 
mer are called alloys, or amalgams, where one of the 
metals is mercury. The latter are called oxides, chlorides, 
sulphurets, &c., according as the non-metallic element is 
oxygen, chlorine, sulphur, &c. When an acid is united to 
an oxide, the resulting compound is called a salt. These 
salts and oxides will be conveniently considered under the 
metals to which they belong. 

202. The metals are arranged according to the relations of 
their oxides to the reagents employed in chemical analysis.* 

-* A very interesting series of experiments may be given in illustration of this 
table ; this series may be more or less fall according to circumstances. It will 
be unnecessary at present to commit the table to memory, as questions on the 
peculiar properties of each group will be given after the metals of that group hare 
oeen described. 

201. Of what two kinds are metallic combinations ! What is meant by the 
term alloy ? — amalgam ! — oxide, chloride, sulphuret, &c. ? — metallic salt % 
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First Group. The Alkalies. 

Metals — ^potassium, sodium, ammonium, lithium. 

Oxides — ^potash, soda, ammonia, lithia; — not precipita- 
ble by sulphuretted hydrogen, nor by hydrosulphuret of 
ammonia, nor by the alkalies, (i. e. by each other.) 

The metals of this group are lighter than water. They 
decompose water at ordinary temperatures, with liberation 
of hyctogen. Their compounds with chlorine, bromine, 
iodine, sulphur, and oxygen, are soluble in water, as are 
also the combinations of their oxides, with most acids. 

Second' Group. The Alkaline Earths. 

Metals — ^barium, strontium, calcium, magnesium. 

Oa»<^«^— baryta, strontia, lime, magnesia; — ^not precipi- 
table by sulphuretted hydrogen, nor by hydrosulphuret of 
ammonia, but precipitable hy alkaline carhoTuUes and phos- 
phates. 

With carbonic and phosphoric acids, the oxides of these 
metals form compounds that are insoluble in water, in 
which respect* they differ from the oxides of the last group. 
The metals of this, like those of the last group, decompose 
water, and their compounds with oxygen and sulphur are 
soluble in water, though less so than those of the alkaline 
metals. 

Third Group. 

Metals — aluminium, chromium. 

Oxides — alumina, chrome ; — ^not precipitable by sulphu- 
retted hydrogen, precipitable by hywrotuLphuret of ammonia. 

The oxides of these metals are insoluble in water, in 
which they differ from the metallic oxides of the pi*eyious 
groups. These metals also do not decompose water, unless . 
it contains a free acid. 

Fourth Group. 

Oxides of manganese, iron, zinc, nickel, cobalt ; — ^not pre- 
cipitable by sulphuretted hydrogen, in solutions containing 
a free add, but precipitable from alkaline solutions. 

These metals, like those of the last group, decompose 
water in the presence of acids, with evolution of hydrogen. - 
The oxides of this group, with the exception of the oxide 
of zinc, are insoluble in solutions of potash, in which they 
differ from the oxides of the preceding group. 
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Fifth Group. 

Oxides of bismuth, copper, lead, mercury, cadmium, sil- 
ver, palladium, rhodium, osmium ; — precipitahle by gulphu- 
retted hydrogen. 

The oxides and sulphurets of these metals possess the 
properties of their bases, in which they differ from the 
metals of the next group, whose compounds, with oxygen 
and sulphur, possess the properties of acids. 

Sixth Group. 
Tin, antimony, arsenic, gold, platinum ; — not precipitahle 
hy sulphuretted hydrogen from alkaline solutiofis, but predpi^ 
table from acid solutions. (See fourth group.)* 



METALS OF THE ALKALIES. 

Potassium, €-865. 39. K. 

203. At the head of each of the metals will be placed 
the name of the metal, its specific gravity, its combining 
number, and its symbol, in this order. Thus, this metal is 
potassium, its specific gravity is 0*865, its combining number 
IS 39, and its symbol is K. 

The properties of. potassiuiQ are so remarkable, that it 
was for sometime doubted whether it could be placed among 
the metals. One of its most remarkable properties is its 
lightness, which enables it to float on water. Another of its 
striking properties is its intense affinity for oxygen.(^^*) 
In this respect it probably surpasses all other bodies, and is, 
therefore, frequently used in decomposing metallic oxides 
otherwise not easy of reduction. It absorbs oxygen from 
both water and air, burning when thrown on water, and be- 
coming tarnished when exposed to the air. It is, therefore, 
kept under naptha, a fluid which contains no oxygen. Its 
melting point is very low. It becomes soft at 80°, and 
perfectly fluid at 150o, In color and lustre it resembles 

* At the end of the metals (328.) will be found a complete list of these bodies, 
«with their specific gravities, combining numbers, and symbols. 

203. Write the specific gravity, combining number, and symbol of potassium. 
What are some of toe most striking properties of this metal \ Mention some of 
the other properties of potassium. 
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mercury. It crystalizes, by sublimation, in cubes, and its 
cut surface exhibits cubical markings. At 32^ it is brittle ; . 
at 66-2 it is as sofb as wax. It sublimes in green vapors at 
a temperature below redness. Potassium forms an amal- 
gam with mercury .( ^ ® ^ ) 

204. Hydrate qfpotcLih, caustic potash, KO, HO. "When 
a solution of carbonate of potash is boiled with quicklime, 
the lime takes the carbonic acid, and the potash is reduced 
to its caustic state. 

KO, CO 2= carbonate of potash. 
CaO =lime. 

Bring down dM COS to tbe CaO, ud thera ia prodaoed 

KO =Cau8tic potash. 

(rrnwiiM in aolutioa.) 

CaO, C02= carbonate of lime, insoluble. 

(pracipitatu from wlatioa.) 

The hydrate of potash is also formed when potassium is 
exposed to moist air, which is rapidly oxidized, and at the 
same time absorbs moisture. 

Pure hydrate of potash, is a white, hard, brittle sub- 
stance, very deliquescent (^®®), and soluble in water. Alco- 
hol also dissolves it freely, which is the case with compara- 
tively few of the compounds of potassium. Alcohol may, 
therefore, be used to purify the solid hydrate of commerce. 
It melts below redness, and volatilizes at a full red-heat, in 
white pungent vapors. The solution of this substance pos- 
sesses in the very highest degree the properties termed 
alkaline, and, therefore, of all the bases, it possesses the 
strongest affinity for most of the acids (2nd law of affinity, 
paee 61). It neutralizes completely the most powerful acids, 
and is most destructive of all the alkalies to organic sub- 
stances. The alkaline reaction usually predominates in its 
salts formed with the weaker acids. It is constantly employ- 
ed by surgeons as a cautery, for which purpose it is moulded 
into sticks. 

In the solid state, and in solution, hydrate of potash rap- 
idly absorbs carbonic acid from the air; hence it must be 
kept in closely stopped bottles. This solution is employed 
in analysis, where the quantity of carbonic acid contained 

204. Write the symbol of caustic potash. In this symbol what does K0« 
stand fori Ans.— The oxide of potassium or potash. What does HO stand 
for? Ans. — Water. How then is the whole symbol to be interpreted ? An*.— 
The hydrate*- of the oxide of potassium, or the hydrate of potash. How is caus- 

* From a Greek word meaning water. 
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in the body under examination is to be determined. The 

arrangement is represented in Fig 72. The 

gas from the substance under examination, en- ** * 

ters the tube at a, and passes through the three 

lower bulbs, which are about two-thirds filled 

with solution of caustic potash. This solution 

absorbs all the carbonic acid from the gas 

which then passes off through the tube h. The 

bulbs, with the potash solution, are weighed 

before and after the process, and the increase 

in weight shows the amount of carbonic acid 

absorbed. 

The water of the hydrate of potash cannot be displaced 
by heat, the whole compound volatilizing at a very high 
temperature. This is, therefore, called me water of con- 
stitution, (see questions p. 98.) 

205. Carbonate of potash, KO, CO2 + 2HO. This sub- 
stance is the common potash of the shops. It is obtained by 
the following, or a similar process : 

Water is poured upon wood ashes, and the mixture stirred 
till the potash, (carbonate of potash,) contained in these ashes, 
is dissolved. The mixture is then allowed to stand, when 
the greater part of the solid matter settles, and the clear 
liquor is poured off. This is boiled down until it becomes 
quite thick, so as hardly to be liquid. It is now allowed to 
cool, and, when cooled, it becomes a solid mass of carbo- 
nate of potash. In this state, it is called gray salts. This 
is dissolved and boiled down a second time, when it forms 
what is called white salts. When pulverized, this consti- 
tutes pearJush, 

Carbonate of potash, though found in the ashes, is not 
contained in the wood of plants. In all land plants, potash 
exists in combination with a vegetable acid. This acid is 
converted by burning the plants into carbonic acid, and 
the potash thus left in the state of a carbonate. Potash 
is contained very unequally in plants. Shrubs contain three 
times, and herbs five times as much saline matters as trees, 
and in the latter, the branches are more productive than the 
trunks. 

Carbonate of potash is extremely deliquescent, and solu- 
ble in less than its own weight of water at 60°. Its solution 

tic potash prepared ! Explain Pig. 72. What is said of the water of the hy- 
drate of potash ? Write the symbol of carbonate of potash. How is this sym- 
bol to be interpreted ? Ans.^The carbonate of the oxide of potassium •\-2 eq. 
of water, or the carbonate of potash -\-2 eq. of water. How is carbonate of pot- 
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18 highly alkaline to test-paper. It is insoluble in alcohol. 
By heat, the water of crystalization is driven off, and, by a 
temperature of full ignition, the salt is fused, but the carbonic 
acid is not expelled, as it is from most of its combinations by 
heat. The vapor of water passed over it at a red-heat, de> 
composes it, forming hydrate of potash, and setting free the 
carbonic acid. When heated to whiteness with charcoal, it 
is also decomposed, and the metal potassium is reduced with 
the evolution of carbonic oxide gas. 

206. BicarhonaU of potash, KO, COa,+HO, COa. This 
salt is formed by passing a stream of carbonic acid through 
a cold solution of carbonate of potash. The gas is rapidly 
absorbed, and a white, crystahne, less soluble sttbstance, 
separates, which is the new compound. This is collected, 
pressed, redissolved in warm water, and the solution left 
to crystalize. 

Bicarbonate of potash requires for its solution 4 parts of 
cold water, at 60^, and less water at 212^. The solution is 
nearly neutral to test-paper, and has a much milder taste 
than the carbonate of potash, for which reason it is more 
often used in medicine. It forms large, beautiful crystals. 
These are very easily decomposed; for when they are 
heated they evolve water and a portion of their carbonic 
acid, and are thus converted from the bicarbonate to the 
carbonate of potash. The solutions of this salt decompose 
by evaporation at all temperatures, losing carbonic acid^ and 
being converted into a neutral carbonate of potash. 

207. Sulphate of potash, KO, SO^, may be prepared by 
adding carbonate of potash to sulphuric acid, until the solu- 
tion becomes neutral. This solution, when concentrated, 
affords hard transparent crystals, which are redissolved in 
boiling water, and recrystalized. They resemble crystals 
of quartz (166.) in figure and appearance, are anhydrous, 
unalterable in air, and decrepitate strongly when heated. 
They dissolve in about 10 parts of cold, and in a much 
smaller quantity of boiling water. Sulphate of potash has 
a bitter taste, and is neutral to test-paper. 

208. Nitrate of potash, nitre, saltpetre, K0,N05. This 

ash obtained \ Is this salt contained in the wood of plants ? Why is it found 
in the ashes t State some of the properties of carbonate of potash. 

206. Write the symbol of bicaitonate of i otash. How is this symbol to be 
interpreted % Ans. — Carbonate of potash with an eq. of carbonated water. How 
is bicarbonate of potash formed t State some of its properties. 

207. Write the symbol of sulphate of potash. How is this symbol to be in- 
terpreted 7 State the process for preparing sulphate of potash. Mention some 
of Its properties. 
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important compound is a natural product, being disengaged 
by a kind of efflorescence from the surface of the soil in 
certain dry and hot countries. Nearly all the nitre of com- 
merce comes from India, where it is a natural product. In 
France, large quantities of artificial nitre are prepared, by 
mixing masses of putrid animal matter with Ume. The nit- 
rogen of the decaying animal matter unites with the lime tO 
form nitrate of lime; this is afterwards mixed with car- 
bonate of potash, when a double exchange takes place : 

KO, CO2 =carbonate of potash. 
CaO, N05=nitrate of lime. 

By doubto ezcluuigtt 

KO, NO5 =NITRATE OF POTASH, Soluble Salt. 
(diuoWed oot trom th« insoluble carbonate of lime.) 

CaO, C02=carbonate of lime, insoluble salt. 

(remains after the nitre la diaaolred oat.) 

The symbol for nitre, KO, NO 5, shows a very large 
amount of oxygen. To this fact, and to the feeble affinity 
by which the oxygen is held, it is owing that this salt has 
gi-eat power in promoting combustion. A weak solution, 
poured over cloth or paper, will cause them when dry to ' 
bum rapidly on applying a lighted coal. For the same 
reason, nitre is employed in the manufacture of gunpowder. 
The following table shows the composition of three different 
kinds of powder : 





Nitre, 


Svlphvr. 


Charcoal. 


Common powder, 


75 


12i 


12i. 


Shooting powder. 


78 


10 


12. 


Blasting powder, 


65 


20 


15. 



When gunpowder is fired, the oxygen of the nitre is 
transferred to the carbon, forming carbonic oxide, the sul- 
phur forms with the potassium sulphuret of potassium, and 
the nitrogen is set free. The large volume of gas from the 
nitrogen and the carbonic oxide, is still further expanded 
by the very high temperature, and produces the powerful 
explosive effects of gunpowder. The gas evolved, when 

208. Write the symbol of nitrate of potash. Explain this symbol. What is 
the chief source of this salt T How is saltpetre manufactured m France ? Ex- 
plain the diagram. How much oxygen does the symbol of nitre show that it 
possesses ? Ans.~Six equivalents. To what is the great power which this 
salt possesses in suppoitmg combustion owing T When gunpowder is fired, 
what gases are formed? What solid substance is formed ?,, A ns.-7Su]pha- 
let of potassium, a salt of dark gray color, which, blackened with carbon, 
is the residue left by the explosion of gunpowder. How much does the gas 
evolved in the explosion of gunpowder exceed in bulk the powder ! Upon 
14 
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measured cold, is about 300 time9 the gunpowder in volumef 
but, from its high temperature, it is probable that it expands 
at least 1000 times. Its instantaneous combustion, and, 
consequently, its explosive energy, depends upon its granu- 
lattcn, for when powder is not granulated, or when the 
granulation is destroyed, the gunpowder bums rapidly, hut 
without explosion. By granulation the flame is able to pen- 
etrate the whole mass more rapidly, and to produce an ex- 
plosion nearly instantaneous. Still, the discharge of gun- 
powder occupies a perceptible interval of time, as may be 
shown by burning a line of powder in connection with a 
parallel line of some fulminating powder, as fulminating 
mercury, of equal length. The line of common powder 
will occupy a peixeptible interval in its discharge, while 
that of fulminating powder will appear to flash instantane- 
ously. Mining and blasting powder is frequently mixed with 
a considerable quantity of sawdust, the object of which is to 
prolong the discharge, and thus to render the powder more 
effectual. Fulminating powders are found not to be adapted 
for flre-arms, for their explosion is so nearly instantaneous, 
. that the effect which they produce is almost wholly local, 
bursting the musket without projecting the ball. A sustained 
effbrt is found necessary to the best effect, both in fire-arms 
and in blasting rocks. 

In nearly all fire-works, nitre is employed to supply oxy- 
gen for the ready combustion of the various materials.{***®) 
Nitre is also largely used in freezing mixtures to generate 
cold.(*^®) Its crystaline form is very beautiful (Fig. 73.) 
It is crystalized by cooling a hot 
saturated solution in a bottle, or 
on a slip of glass. The crystals 
are anhydrous, but they often hold 
a portion of liquid, mechanically 
lodged within the substance of the 
crystals. As this is particulaily the 
case with large crystals, it is, some- 
times necessary to agitate the so- 
lution while crystalizing, to obtain 
small crystals,^ Crystals of a large 
size crack with the warmth of the 

what does the instantaneous explosion of powder depen4 ? How does grana- 
lalion produce this effect ? Is the discharge of gunpowder absolutely instanta- 
neous f How may this be shown ? Why are not ialroinat'iig powders suitable 
for fire arms ? For what purpose is nitre employed in fire-works t What does 
Fig. 73 represent ! What are some of the properties of crystalized nitre ? 




THE ELBMENT0 AND T0BIR COMB^ATIONtf. 15^ 

hand. Their taste is sharp, bitter, and cooling. They are 
fumble into a limpid liquid, by a heat under redness. Their 
solution has considerable antiseptic properties, and is there- 
:G9re sometimes employed in preserving meats, especially 
beef, to which it communicates a red color and considerable 
firmness. 

209. CMoraU of potoih, K0,C10fi. Oxygen is the chief 
constituent of this salt, and is held by a yery weak affinity. 
To this fact are to be ascribed its peculiar and striking prop- 
erties. On the application of heat it is decomposed, afford- 
ing pure oxygen. With certain bodies it unites to form 
explosive compounds, some of them of the most terrible 
kind. With other combinations it explodes by friction, and 
is, therefore, now a large article of commerce, being em- 
ployed with phosphorus in« the manufacture of matches. 
When in powder it detonates with a blow. It forms, also, 
compounds that take fire with acids. The percussion powder 
is a mixture of chlorate of potash with sulphur, or other 
combustibles. 

Chlorate of potash is soluble in about 20 parts of cold 
and 2 of boiUng water. Its crystals have a pearly lustre, 
and are flat, tabular, and anhydrous. Their taste is cool- 
ing, and slightly bitter, resembling the taste of nitre. From 
the great amount of oxygen which it contains, chlorate of 
potash imparts a bright scarlet color to the venous blood, 
and is used in medicine as a remedy for certain fevers. 

210. Iodide of potassium, KI. When iodine is added to 
a strong solution of caustic potash, free from carbonate, it 
is dissolved in large quantity. The solution thus formed 
consists of two salts, — ^iodide of potassium, and iodate of 
potash. When sufficient iodine has been dissolved to color 
the solution permanently, this is evaporated to dryness, and 
cautiously heated red hot. By this means the iodate of pot- 
ash is entirely converted into the iodide of potassium. The 
mass is then dissolved in water, and, after filtration, made 
to crystalize. Its crystals are cubes, which are often milk- 
white and opaque. They are anhydrous, and fuse readily 
when heated. They are very soluble in water, but not de- 
liquescent in a moderately dry atmosphere. They are solu- 

209. Write the symbol of chlorate of potash. Explain this symbol (chlorate 
of the oxide of potassium, or potash.) How much oxygen does the symbol of 
chlorate of potash show that it possesses t To what are the peculiar proper- 
ties of this salt to be ascribed ' Mention some of these properties. * 

210. What is the symbol of iodide of pota^ium ! How is this salt prepared ? 
State some of its properties. 
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Vie also in alcohol. Solution of iodide of potassium, like 
those of all the iodides (in water), dissolves a large quantity 
of free iodine, forming a deep-brown liquid. 

211. The salts of potash are more or less soluble in water, 
and are distinguished by a white, crystalme precipitate, 
formed with tartaric acid. The precipitate is not usually 
formed until sometime after the tartaric acid is added, and 
this effect is greatly promoted by agitation. The most im- 
portant of the liquid tests for potash, is that with the chlo- 
ride of platinum, which throws down, in a concentrated 
solution, a yellow crystaline precipitate. The solution in 
this case should not be alkaline, but rendered neutral, or 
acid, by the addition of hydrochloric acid. Ammonia pro- 
duces a similar precipitate, but the compounds of ammonia 
are easily distinguished from those of potash. The former, 
when heated, especially with quicklime, lose their ammonia, 
which is known by its smell, and its reaction with hydro* 
chloric acid (p. 137), while potash remains ^o^e^^. The deli- 
cacy of the tests with chloride of platinum and tartaric acid, 
is increased by the addition of alcohol. Salts of potash also 
give a characteristic purple tint to the outer blowpipe flame. 

The salts of potash add greatly to the fertility of the soil, 
and are particularly adapted for those plants in the ashes of 
which, when burnt, these salts are found most abundantly, as 
for grape-vines, potatoes, turnips, &c. In the siliceous plants 
these salts, or those of soda, are essential to render soluble 
the silica which these plants contain. They also combine 
with and render soluble the vegetable matter of the soil, so 
as to bring this into a state in which it may be readily con- 
veyed into the roots. They promote certain changes in 
plants, to be described hereafter, which are essential to the 
production of the living vegetable, and their presence in 
the soil enables it to obtain a supply of nitrogen from the 
atmosphere, and to bring this nitrogen, in the form of nitric 
acid, to the roots of plants. Finally, as most plants contain 
potash and soda, the presence of the salts of these alkalies 
m the soil is essential to their growth. 

SomuM, 0-972 23 Na.* 

212. Sodium is a silver-white metal, with a high lustre. 
It greatly resembles potassium in every respect. It is soil 

* Latin, natron, soda. 

21 1. What are some of the tests for the salts of potash t What is said of the 
use of these salts in agriculture \ 
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at common temperatures; melts at 194°, and oxidizes very 
rapidly in the air. Like potassium, it floats on water, but 
^ does not decompose the water with as great energy as that 
substance. On cold water it floats about without burning ; 
but on hot water it takes fire, burning with its character- 
istic yellow flame, and giving rise to a solution of soda. It 
crystalizes in cubes. At 40° below zero it is rather hard ; 
at 320 it is ductile ; at 122° semi-fluid ; and at 194^ per- 
fectly fluid. It is an excellent conductor of heat and elec- 
tricity. Potassium does not unite with mercury, but sodium 
and mercury unite even with explosion.(* ^^) 

213. Hydrate of soda, caustic soda, NaO, HO. The pro- 
cess by which caustic soda is obtained, is precisely similar 
to that for caustic potash (204.) Carbonate of soda is boiled 
with quicklime ; the lime takes the carbonic acid, and the 
'soda is reduced to the caustic state : 

NaO, C02=carboaBJte of soda. 
CaO =lime. 

Bring down tha COS to ths CaO, and there is produced 

NaO = Caustic soda. 

(remaina in aolation.) ^^ ^ 

CaO, COa=carbonate of lime, insoliible salt. 

(^redpitated from aoliitHm.) 

The solid hydrate of soda is a white, fusible substance, 
very similar in its properties to hydrate of potash. It is de- 
liquescent, but dries up again after a time, in consequence 
of the absorption of carbonic acid. The solution is highly al- 
kaline, and a powerful solvent for animal matter. 

214. Sulphate of soda, Glauber's salts, NaO, SO3 + 10 HO. 
Sulphate of soda is the substance left in the retorts, used 
for the manufacture of hydrochloric acid, or any pro- 
cess where sulphuric acid is added to common salt, (p. 102.) 
Its crystalization is exceedingly beautiful, resembling that of 
nitre, (Fig. 73.) The crystals contain 10 eq. of water, and 
are efliorescent, and undergo watery fusion when heated. 
They are soluble in twice their weight of cold water, and 
rapidly increase in solubility, as the temperature of the 
liquid rises to 91*5°, when a maximum is reached. At this 
temperature, 100 parts of water dissolve 322 parts of the 

212. Write the specific cravity, combining number, and symbol of sodium. 
Mention some of the properties of this metal. 

213. Write the symbol of caustic soda. Explain this symbol. State the pio» 
cess for preparing soda. Explain the diagram. What are some of the proper* 
ties of hydrate of soda ? 

214. Write the symbol for sulphate of soda. Explain this symbol. How is 

14* 
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salt. Heated beyond this point, the solubility diminishes, 
and a portion of the sulphate is deposited. A warm, satu^ 
rated solution, evaporated at a high temperature, deposits 
opaque, prismatic crystals, which are anhydrous. 

This salt is purgative, and is therefore sometimes used in 
medicine, although, on account of its very nauseous and 
bitter taste, it is almost superseded by sulphate of magne- 
sia. It is also called Glauber's salts, from the physician who 
discovered it. It is found in many mineral waters. 

215. CarhaneUe of wda, NaO, C Oj + 10 HO. The crys- 
talized carbonate of soda, contains the same large proportion 
of water (10 HO), as the crystalized sulphate. This is the 
common soda of the shops. It was formerly obtained from 
the ashes of sea-weed. The barilla, a coarse kind of carbo- 
nate of soda, sometimes employed in soap making, is made 
from several varieties of sea-weed, that grow on £e coast of 
Spain. It is usually manufactured from common salt. The 
salt is first converted into the sulphate, by the addition o£ 
sulphuric acid. The hydrochloric acid driven off in this 
process, is saved by being passed through water. The sul- 
phate of soda thus made, is reduced to powder, and mixed 
with an equal weigl|^ of chalk, or limestone, (carbonate of 
lime,) and half as much coal, both ground and crushed. 
This mixture is heated to fusion in a furnace, with constant 
stirring. When the decomposition is judged complete, the 
melted matter is raked from the furnace into an iron trough, 
where it is allowed to cool. When cold, it is broken up into 
little pieces, and lixiviated with cold, or tepid water. The 
sulphuric acid of the sulphate of soda, is transferred by dou- 
ble decomposition to the lime, forming sulphate of lime, an 
insoluble salt ; the carbonic acid of the carbonate of lime 
uniting with the soda, forms carbonate of soda, which being 
soluble, is dissolved out by lixivation from the insoluble sul- 
phate of lime : 

NaO, S03=8ulphate of soda. 
CaO, COa= carbonate of lime. 

"Bj dooUe Mchanfa 

NaO, C02=Carbonate of soda. 

CdtMolred oat bj lixtTiatioo J 

CaO, S03=sulphate of lime, insoluble salt. 



this fealt obtained t What is said of its ciystalisBatioii, and other properties ? 
w hat IS said of its use in medicine 1 
215. Write and explain the symbol of carbonate of soda. How was this salt 
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The solution of carbonate of soda thus formed, is evap- 
orated to dryness, and the salt calcined with a little saw- 
dust in a suitable furnace. The product is the soda-ash of 
commerce. About 50 per cent, of this is pure carbonate of 
soda. By dissolving soda-ash in hot water, filtering the solu- 
tion, and then allowing it to cool slowly, the carbonate is 
deposited in large transparent crystals. 

The roasting of the sulphate of soda with lime, is per- 
formed in a furnace of peculiar construction, which is often 
used for similar processes in the arts. In Fig 74, a is the 
grate, b the ash pit, c the Fig. 74. 

chimney, d d the hearth 
for receiving the mixture, 
i the aperture for throwing 
in the mixture, and g an 
opening for stirring it, and 
scoopinj^ it out. These are 
C!9\\e6. flame jurnctceif or re- 
verhaJtory fumojcety because 
the heating is not effected 
by the ignited coal of the fuel, but by the flame passing over 
the bridge f. By this arrangement the substance heated, 
or roaeted, is kept free from the ashes of the fuel. 

216. In the marmfacture of glass ^ potash or soda forms 
the basis. Glass is a silicate of potash or soda, or a com- 
pound of silicic acid and potash, or soda. To the silica 
and soda, or potash, a variety of substances are added, 
to make the glass more colorless, dense, and transparent. 
Lead promotes fusibility, confers density and lustre, and 
gives tenacity to the glass while red hot. It enables the 
elass to bear sudden changes of heat and cold, and improves 
Its refractive power, by which it is rendered more valuable 
in the manufacture of optical instruments, as the micro- 
scope, telescope, &c. Black oxide of manganese is used to 
destroy the slight green color given by impure potash or 
soda. Unless used in very minute quantity, it imparts a 
purple tint to the glass. Arsenic is also sometimes em- 
ployed. The ingredients are first roasted to a red heat, to 
expel moisture and carbonic acid (from carbonate of soda, 
which is thus reduced to caustic soda — ^the alkalies can only 
be used in their caustic state in the manufacture of glass and 
soap.) After being roasted, the materials are ground up 

formeriy obtained T From what is it now manufactured ? State this process, 
and explain the diagram. Explain Fig. 74. What are these furnaces called ? 

216. What is the composition of glass ? Why is lead added to glass ! — man- 
ganese T What other substance is sometimes employed ? Explain the process 
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Fig. 77. 



together. The glass pots, or retorts, are then put into a 
furnace, (Fig. 75.) which has as many doors, 
rf, as the number of retorts, r, it is capable of 
heating. In Fig. 76, the retorts are seen 
p. _ in their position, on a plat- 

form around a central grate, 
through which the heat and 
flame from the furnace en- 
ter. When melted, the glass 
is taken out on hollow iron 
rods, to which it readily adheres, and it is 
then blown by the workman into decanters, 
bottles, and other articles, or is poured on 
a table to form sheet or plate glass. When 
cold enough to handle, the glass is carried to an oven, where 
it is again heated. It is then taken to the annealing oven, 

(Fig. 77.) One end of 
this oven (the most dis- 
tant in this figure), is 
kept at a high heat, and 
the glass vessels are pla- 
ced on sliding pans, 
which are covered with 
sand. These pans are 
drawn along from time 
!o time by simple ma- 
chinery, consisting chief- 
ly of a crank, rollers, and an endless chain. When the 
glass vessels reach the cool end of the oven, which gene- 
rally takes place in from one to two days, or even longer, 
they are annealed, and by this process rendered much less 
brittle, and less liable to crack by sudden changes of tem- 
perature. When the annealing oven is full, as fast as one 
pan is removed at the cool end of the oven, another is intro- 
duced at the same time at the end which is kept at a high 
heat. In making the large circulai- tables of crown glass, a 
globular flask of great size is first produced, and to this a 
rapid rotary motion is given, until, by centrifugal force, the 
whole is suddenly made to assume the form of a disc. 
Tubes are made by drawing out a hollow cylinder of par- 
tially melted glass. 

Different colors are communicated to glass by metallic ox- 

of making glass. How are different colors communicated to glass ? What 

gives a blue color to glass ! — green ' — violet or amethyst t^red T — ruby-red ?^ 
ull green or brown ?— purple ! — white ? — yellow t 
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ides. Blue glass, is formed by means of an oxide of cobalt ; 
green, by the black oxide of copper ; violet, or amethyst, by 
Sie oxide of manganese ; red, by the mixture of the oxides 
of iron and of copper ; ruby-red, by the sub-oxide of cop- 
per ; dull green, or brown, by the oxide of iron ; purple, by 
the oxide of gold ; white, by the oxides of arsenic and zinc ; 
and yellow, by the oxide of 8ilver.(^*2) 

217. When carbonate of soda is mixed with an acid, the 
carbonic acid is driven off with effervescence. Hence this 
salt is used in the manufacture of soda-water. Common bot- 
tled soda, is made by dropping into a bottle, about two- 
thirds full of water, a crystal of carbonate of soda, and 
another of tartaric acid. The bottle is then tightly cork- 
ed, and the cork tied down. The crystals will gradually 
dissolve and decompose each other. Carbonic acid rises, 
and is absorbed by the water, and, when the bottle is after- 
wards uncorked, the carbonated water flows out with effer- 
vescence. 

Fig. 78, represents the method of making soda-water in 
the large way. A is a small strong cask, with a funnel at 
the top, and two pipes at the 
sides, all fitting air-tight, and 
furnished with stop-cocks, F, r, r. 
The pipes enter the vessels E 
and U on each side of A, and 
extend nearly to the bottom of 
those vessels. E and C are also 
furnished with funnels, extended 
beneath the liquid which they 
contain. The pipes, B, D pro- 
ceed upwards to the jets, H and 
L. The two sides of the appa- 
ratus are similar, and may be 
employed for fountains of two 
different liquids. If soda-wa- 
ter alone is desired, the appara- 
tus on one side is all mat is 
necessary, but in connection with this, a fountain of ginger- 
beer, or some other drinks may be employed. 

The action is as follows. Two or three pounds of chalk, 
(carbonate of linae,) are put into A, and a gallon of water 
added. C and E are also half filled with water, either pure 
or flavored with sugar, ginger, lemons, &c. The cocks, r, r, 



Fig. 78. 




217. How is common bottled soda-water made 7 Explain Fig. 78. How is 
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are now opened, the others being closed. Sulphuric acid is 
added through the funnel F : 

CaO, COa= carbonate of lime. 
SO, =sulphunc acid. 

Bnag down CaO, aod than ia produead 

CO, =Carbonic acid. 

(aacapai m gaa.) 

CaO, SOs^sulphate of lime, insoluble salt. 

(praeipitataa ia tha cask A.) 

The carbonic acid, being expelled from the chalk in A, 
passes into the water of C and E, where it is absorbed, and, 
after the absorption has taken place, accumulates in the up- 
per part of C and E ; here it exerts a pressure, which, when 
the valves I and S are opened, drives the water up the tubes 
B and D, and out at the jets L and H. / 

The gas generator. A, is oflen fixed upon an axis by which 
it may be made to revolve, and thus the action of the acid on 
the chalk is promoted. The containing vessels are gene- 
rally made of wood or earthem ware, as sulphuric acid dis- 
solves iron and zinc rapidly, and carbonic acid acts readily 
upon copper. The tubes are apt to break at the joints ; to 
remedy this, they should be made of pewter or tin ; lead 
also is sometimes used, but water standing in contact with 
lead, frequently acquires poisonous properties, by a slight 
corrosion of the lead. 

When the apparatus is fully charged with carbonic acid, 
no more will bejbrmed in A. Thus, there is no waste of ma- 
terials employed in generating the gas. The pressure of 
the gas, however, is frequently so great as to burst the appa- 
ratus, and fatal accidents have occurred in this way. 

218. Bicarhmate of soda, NaO, COa-hHO, CO,. From 
this symbol it appears, that the bicarbonate of soda consists 
of the carbonate of soda, (NaO, CO2), and carbonated wa- 
ter (HO, CO2). It is prepared by passing carbonic acid 
gas into a cold solution of the neutral carbonate of soda, or 
by placing the crystals in an atmosphere of carbonic acid, 
which they rapidly absorb. The ten equivalents of water 
of crystalization (10 HO), which the crystals of carbonate of 
soda contain, they, to a great extent, lose in being converted 
into the bicarbonate. 

soda water prepared by this arrangement % Explain the diagram % Is the wa- 
ter which is drawn from H and L soda, or merely carbonated water ? 

218. Write and explain the symbol for bicarbonate of soda. How is this 
salt prepared ? Sute some of its properties. 



THE ELEMENTS AND THEIR COMBINATIONS. 163 

Bicarbonate of soda is a white, crystaline powder, which, 
in solution, loses carbonic acid slowly at the tempera- 
ture of the air, and rapidly above 160° (206.) By this 
decomposition, it passes iii-st into a sesquicarbonate, and 
finally into a neutral carbonate. At 60° it requires 10 
parts of water for its solution, which is feebly alkaline to 
test paper, and has a milder taste than that of the simple 
carbonate; it is, therefore, more frequently employed in 
medicine (206.) 

219. Chloride of sodium, common salt, NaCl. The earth 
and sea abound in common salt. In many places it is found 
in solid beds, or irregular strata, of immense thickness. The 
salt of these beds resembles transparent stone, and is there- 
fore called rock-salt. It is almost always too impure for use ; 
hence, if no natural brine-spring exists in these beds, an 
artificial one is formed by sinking a shaft into the rock-salt, 
and, if necessary, introducing water. This, when saturated, 
is pumped up and evaporated, more or less rapidly, in large 
iron pans. As the salt separates, it is removed from the 
bottom by means of a scoop, pressed, while still moist, into 
moulds, and then transferred to the drying stove. When 
laree crystals are required, as for coarse bay salt, used in 
curing provisions, the evaporation is slowly conducted. This 
kind of salt is usually obtained from sea-water ; a pound of 
sea-water contains from one-half to five-eighths of an ounce 
of common salt. This 'salt has a slightly bitter taste, owing 
to the presence of salts of magnesia. 

As the natural salt-springs contain much more water than 
is necessary for the solution of the salt, a cheaper method 
of evaporation than that by fire is sometimes employed. 
The salt water is pumped up to the top of a lofty scaffolding, 
filled up with fagots, and from this height is made to fall 
by drops through the fagots. It diffuses itself over the 
branches, and thus presents a very large surface to the air 
passing through them. A rapid evaporation is in this way 
obtained. Upofi the branches gypsum is first deposited, for 
this is contained in all natural waters, and, being soluble only 
in a very large quantity of water, it is deposited when the 
water is considerably diminished by evaporation. It forms 
a hard crust upon the branches. When the greater portion 
of the water is evaporated, the concentrated brine is boiled 
down in large pans, with constant stirring, and the granular 
salt which separates is raked out and dried. 

219. Write and explain the symbol of the chloride of sodium. What are 
Bome of the more abundant sources of common salt ? By what processes ia 
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When pure, chloride of sodium is not deliquescent in mod- 
erately dry air. It crystalizea 
^'^' '^' in anhydrous cubes, (Fig. 79.) 

which are often grouped to- 
gether in pyramids or steps. It 
requires about 2 J parts of wa- 
ter, at 60°, for solution, and its 
solubility is not sensibly in- 
creased by heat. In alcohol it 
is insoluble. By this proper- 
ty, therefore, it may be separa- 






ted from carbonate of soda. At a bright red heat it fuses, 
and is volatile at a still higher temperature. 

We find common salt every where in nature, because it is 
indispensable to the life of animals and plants. "Without salt, 
no complete digestion of food could take place, and it is, 
therefore, justly regarded as a universal condiment. Ani- 
mals find it in the meat and plants by which they are nour- 
ished ; plants receive it from the soil and rain, and the fer- 
tility of land is often increased by the application of salt. 
Wood for the purpose of building, is rendered more durable, 
by being impregnated with salt. 

220. Nitrate of soda. NaO, NO5, occurs native, and in 
enormous quantity, at Atacama, in Peru, where it forms a 
regular bed of great extent, covered with clay and alluvial 
matter. Its crystals are deliquescent, and very soluble in 
water. It is employed in making nitric acid. It has been 
substituted for nitrate of potash, (saltpetre,) in the manu- 
facture of gunpowder, but the powder thus made bums too 
slowly, and becomes damp in the air. It has been used to a 
considerable extent in agriculture, as a manure. Both this 
substance, and the nitrate of potash, impart a dark green 
color to the leaves and stems ofplants, hasten, increase, and 
often prolong their growth. They generally cause an in- 
crease, both in the weight of hay or straw, and of com, 
though the color and growth are occasionally afiected with- 
out any sensible increase of the crop. The hay and grass 
produced on meadows when enriched by these nitrates, is 
always more .greedily eaten by the cattle than when these 
lands are not so enriched ; the grain, however, is usually of 

the salt prepared ? Explain Fig. 79. Why is common salt so univeraally dif- 
fused in nature ? 

220. Write and explain the symbol of nitrate of soda. Whence is this salt 
obtained ? What are some of its properties ! Wiiv can it not be substituted 
for saltpetre in the manufacture of gun-powder ? What effect do the nitrates 
of sod^ and potash produce when applied to the ioil ! 
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an inferior quality, yielding a smaller produce of flour, and 
bringing a somewhat less price in the market. 

Ammonium, com. num. 18. symbol NH4. 

221. All attempts to isolate this substance have failed, 
apparently from its tendency to separate into ammonia and 
hydrogen gas. Thus, when anamoniacal amalgam is nmde 
by the action of the galvanic current, it soon decomposes 
into fluid mercury, ammonia, and hydrogen. The forsMr 
tion of this amalgam £rom the salts of ammonia, seenvi 
to prove that they have a metallic base, although the esacft 
nature of that base is as yet undetermined. The best evi- 
dence we have of the existence of the metal ammonium* i^ 
the perfect comparison which its aalts bear with those of 
the alkaline metals. The symbol of ammonium is supposed 
to be NH4, because ammoniacal amalgam is decomposed 
into ammonia (NH,), hydrogen (H), and metallic merciiry. 

222. Carbonate ^amnumia, NH^ COj. The carbonate pf 
ammonia has many of the properties of its base. Although 
chemically combined with carbonic acid, it still emits a pun- 
gent odor, and affords an alkaline or basic reaction. Ex- 
posed to the air, at common temperatures, it disengages 
ammonia, loses its pungency, and crumbles down to a sjaft 
white powder, whidi is a bicarbonate of ammonia. The 
properties of this bicarbonate and those of potash, (206.) and 
soda (218.), are much milder than those pf the carbonaites 
of these bases. When thrown on a hot iron, carbonate of 
ammonia evaporaJtes without melting. 

Carbonate of ammonia is used in medicine as a stimulant, 
and is frequently employed, under the name of "smejlu^g 
salts," as a restorative from faintness. It is the chief fer- 
tilizing substance produced by the decay of animal and veg- 
etable substances, which contain nitrogen. The pdor ,ctf 
stables and manure heaps is owing to the production of 
carbonate of ammonia. This may be removed by a howl 
c^ sulphuric or muriatic acid, which unites with the am- 
monia, forming sulphate or muriate of ammonia. 

223. CMoride of ammonium, sal ammoniac, NH4 CI. JSal 

221. Write the combining number and symbol of ammonium. Why have 
all attempts to isolate the metal ammonium failed T What is the best evidence 
of the existence of this metal? 

282. Wtite and explain the mibol of caiiwnate of ammonia. State some 
of its properties. W hat is said oAhe properties of the bicHhonate of ammonia ? 
tfentton some of the uses of caibonate of ammonia. How «ay ^ o4or of sta- 
bles be femored ? 

15 
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ammoniac is largely manufactured from the ammoniacal 
liquid of gas works, and from the distillation of bones, and 
other animal refuse, in the preparation of animal charcoal. 
The impure and highly onensive solutions thus obtained, 
are treated with a slight excess of hydrochloric acid, by 
which the free alkali is neutralized, and the carbonate and 
sulphate of ammonia decomposed with the erolution of car^ 
bonic acid and sulphuretted nydroeen. The free ammonia 
of these solutions, and that contained in the decomposed 
carbonate and sulphuret, form chloride of ammonium m the 
solution. This liquid is evaporated to dryness, and the salt 
carefully heated to expel and decompose the tarry matter; 
it is then purified by sublimation in large iron ressels lined 
with clay and surmounted with domes of lead. 

Chloride of ammonium is found natiye in Italy, and in 
several other places. When sublimed it has a fibrous tex- 
ture. It is tough and difficult to powder. When crys- 
talized from water it separates, under favorable circum**- 
stances, in distinct cubes, or octahedrons, but the crystals 
are usually small and aggregated together. If a slip of 
glass (Fig. 80.) is washed over with a hot saturated solu- 

tion of sal ammoniac, the 
^^' ' _ _ moisture will almost im- 
mediately be evaporated, 
and the salt will be de- 
posited in an aggrega- 
tion of crystals. The 
same method may often be employed with advantage in 
crystalizing other substances. If a glass window is painted 
with a hot saturated solution of sal ammoniac, the salt will 
be deposited in a very beautiful radiated form, and will 
admit the light without being transparent. For rendering 
windows semi-opaque, this method is much preferable to the 
common way of using paint, paste, and similar materials. 

Sal ammoniac is used in tinning iron and copper. These 
metals are rubbed over with the solution, or dipped into 
it to prevent the oxidation of their surfaces. In soldering 
metals it answers a similar purpose. In dyeing it is used 
to fix, brighten, and modify the colors. It is largely employ- 
ed in medicine, and is used both internally and externally. 

* These radii generally appeal of a beautiful aborescent fono. 

228. Write and explain the symbol of chloride of ammonia. How is sal am- 
moniac manufactured? Where is this salt found native! What are some 
of its properties ! Explain Fig. 80. For what purposes is sal ammoniac used t 
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It IS employed to form pure and carbonated ammonia, to 
produce cold, and to excite galvanism. It is also a very 
valuable reagent in tbe laboratory. 

224. Hydrostdphuret of ammonia, sulphide of amTnonium, 
NH4S+HSy is formed by passing sulphuretted hydrogen 
through liquor of ammonia to complete saturation. When 
saturated, it will no longer cause a precipitate in a solution 
of sulphate of magnesia. The hydrosulphuret of ammonia 
thus obtained must be kept in well closed bottles, since it is 
decomposed by contact with the atmosphere. A yellow 
sulphuret of ammonium is in this case formed. It is inval- 
uable as a reagent in the laboratory (202.), and b also used 
in medicine. 

225. Nitrate ofammoma, NH4O, NO5, is easily prepared 
by adding carbonate of ammonia to slightly mlutea nit- 
ric acid, until neutralization has been reached. The car- 
bonic acid of the carbonate of ammonia is expelled, and 
nitrate of ammonia formed by the union of the nitric acid 
with the ammonia. By slow evaporation, at moderate tem- 
peratures, it crystalizes in sixHSided prisms, like those c^ 
nitrate of potash (Fig. 73.) It dissolves in two parts of 
water, and is feebly deliquescent. Like the other nitrates, it 
deflagrates on contact with heated combustible matter. Its 
diief use in the laboratory is in making nitrous oxide gas (174^) 

226. The ammoniacal salts are easily known. They ar^ 
all decomposed or volatilized at a high temperature, and, 
when heated with hydrate of lime, or solutions of caustic 
alkalies, they evolve ammonia, which may be known by its 
odor and its alkaline reaction. The salts of ammonia are 
more or less soluble. Tartaric acid and chloride of plati- 
num, give the same reaction in ammoniacal solutions as in 
those of potash, but the former are easily distinguished 
from the latter, as they volatilize (not only the ammonia, but 
the whole salt) on the application of heat. 

Lithium, com. num. 6. symbol L. ^ 

227. A very rare base, lithia, or oxide of lithium, occurs 
in several minerals and mineral waters. It possesses prop- 
erties analogous to those of potassa. Lithium is obtained 
by electrolyzing the hydrate of lithia in contact with mer- 

224. Write the symbol of hydrosulphuret of ftmmonift. State the process by 
which it is prepared. How is it preserved ? Mention some of its uses. 

225. Write and explain the symbol of nitrate of ammonia. How is this salt 
Iirepared 7 State some of its properties. 

226. How are the ammoniacal salts detected ? 
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curyy and then decomposing the amalgam by distillation. It 
is a white metal, like sodiumi and very oxidable. The oxide 
(L0)» is an alkali, but much less soluble than potash or 
soda. The sulphate of lithia is a rery beautiful salt. It 
cryatalizes in lengthened prisms containing one equiyalent 
of water. All the salts of lithia impart a iMBautiful crimson 
color to the outer flame of the blowpipe, and to burning 
alcohol. 



METALS OF THE ALKALINE EARTHS. 
Barium, 2+. 69. Ba. 

228. Barium is procured by heating baryta in an iron 
tube, through which the vapor of potassium is conveyed. 
The vapor of potassium takes the oxygen from the baryta, 
and the metal barium is reduced. The reduced metal is 
extracted by quicksilver. Barium has the color and lustre 
of silver. It is ductile, and may be beaten flat, though with 
difficulty. It fuses below redness, and does not volatilize at " 
a red heat. When exposed to the air, at ordinary tempera- 
tures, it becomes covered with a white crust of oxide, and 
crumbles to a white powder. This oxidation is almost in- 
stantaneous, so that, to catch the real color of the metal, the 
eye must follow the stroke of the file or burnisher. When 
heated gently, it bumis in the air with a dark-red light. In 
the flame ox the oxy-hydrogen blowpipe it burns with a 
chrysolite-green light. It decomposes water with great 
energy. 

229. Protoxide of bariunif baryta, BaO. This oxide has 
an exceedingly strong aflinity for water, and, when mixed 
with it, slakes like lime, though with a more intense heat ; 
this is so great as sometimes to cause the baryta to appear 
ignited. The hydrate is a white, soft powder, havmg a 
great attraction for carbonic acid, and soluble in 20 parts of 
cold and 3 of boiling water. A hot saturated solution de- 

227. Write the combining number and symbol of lithium. Where is lithia 
found ! What is said of its properties ? How is the metal lithium obtained I 
What are its properties 1 What is said of the sulphate of lithia ! Haw do the 
alkaline mettds differ. from those of the alkaline earths T What are the pecu- 
liar properties of the alkaline metals as given in art. 202 ? 

228. Write the specific gravity, combining number, and symbol of barium. 
How is this metal procured i State some of its properties. 
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posits crystals on cooling. The formula for these is BaO, 
HO -|- 9 HO, (1 equivalent of the water of composition and 
9 of the water of crystalization.) Solution of hydrate of 
baryta is a valuable reagent. It is highly alkaline to test- 
paper, and is instantly rendered turbid by the smallest trace 
of carbonic acid. 

230. Chloride of barium, BaCl+2H0. The crystals of 
chloride of barium are fiat, four-sided tables, colorless and 
transparent. They contain 2 eq. of water, which they lose 
below 212°. At 60° one hundred parts of water dissolve 
43*5 of chloride of barium, and 78 parts at 222°, which is the 
boiling point of the saturated solution. Their taste is*sharp 
and bitter, exciting nauseau. They act on the system as a 
powerful poison. 

Chloride of barium detonates powerfully with combustible 
bodies. It gives a green light when heated with sulphur, 
and, when mixed with sulphuric acid, it produces a sudden 
and vivid flash. It is largely employed in the manufacture 
of fire-works. 

231. Sulphate of baryta, heavy spar, BaO, SO3, is found 
native in beautiful crystals, sometimes tabular, and some- 
times prismatic. It occurs in considerable quantity in trap 
and other igneous rocks, forming often veins of several feet 
in thickness and miles in extent. It is mined for mixing 
with white paint. For this purpose it is ground to powder, 
and this is washed with dilute sulphuric acid, by which more 
or less of oxide of iron is dissolved out, and its color thus 
improved. The natural sulphate is called heavy spar, on 
account of its great weight, which is often as high as 4*4 or 
4-8 (sp. gr-) . . . 

Sulphate of baryta is not sensibly soluble in water,* or in 
any dilute acid. Hot sulphuric acid dissolves a little, but 
the greater part separates again on cooling. Before the 
blowpipe it strongly decrepitates, and melts into a white 
enamel, which, in the course often or twelve minutes falls 

* This salt requires for its solution 43,000 parts of cold water. It is not much 
more soluble in hot or acidulated water. 

229. Write the symbol of the protoxide of barium. What are some of the 
properties of this oxide t Mention some of the properties of the hydrate. 
Write and explain the formula for the hydrate. In this formula why are not 
HO and 9H0 united ? What is the principal use of hydrate of baryta ? 

230. Write and explain the formula for chloride of barium. Mention some 
of its properties. 

231. Write and explain the symbol of sulphate of baryta. How does this 
salt occur in nature ? For what purpose is it employed 7 Why is the natural 
sulphate called heavy-spar ! State some of the properties of this salt. 

15* 
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to powder. By this treatment it is partially converted into 
sulphuret, and, if applied to the tongue, will give a taste 
like that of putrid eggs, which arises from the formation 
of sulphuretted hydrogen. On account of the great insolu- 
bility of this salt, it is not poisonous. 

232. Nitrate of baryta^ BaO, NO5. The nitrate of baryta 
crystalizes in translucent, white, octahedrons, which are 
anhydrous. It requires for solution, 8 parts of cold, and 3 
parts of boiling water. It is much less soluble in dilute 
nitric acid than in pure water, and does not dissolve at all in 
concentrated nitric acid. It is therefore precipitated from 
its solutions by nitric acid. Nitrate of baryta is used to give 
a green color to fire-works. 

233. Solutions of salts of barium are constantly kept in 
the laboratory as chemical tests. The nitrate and chloride 
are used to precipitate sulphuric acid from its solution. 
The hydrate of baryta is used to effect the separation of the 
alkalies from the other bases, which it does by its greater 
affinity for these bases. It b also used to separate carbonic 
acid irom certain gaseous mixtures. The soluble salts of 
baryta are poisonous. 

Strontium, 2+. 44. Sr. ^ 

234. Strontium may be obtained from its oxide by means 
similar to those employed in procuring barium. It is a 
silver-white metal, with less lustre than barium. It is duc- 
tile, and decomposes water at common temperatures, and 
oxidizes rapidly in the air. 

Protoxide of strontium, strontia, SrO. This oxide resem- 
bles in every respect the protoxide of barium, or baryta. 
Like that substance, it slakes with a great elevation of tem- 
perature when mixed with water. It is less caustic than 
Sotash, soda, or baryta. A hot saturated solution on cooling 
eposits crystals which contain 10 eq. of water. The hydrate 
has a strong attraction for carbonic acid. 

Chloride of strontium, SrCl, crystalizes in long six-sided, 
colorless needles, or prisms, which contain 9 eq. of water, 
and are slightly deliquescent. They are soluble in 2 parts 
of cold, and in all proportions of boiling water. They are 
also dissolved in 24 parts of cold, and in 19 parts of hot alco- 

232. Write and explain the symbol of nitrate of baryta. State some of its 
properties. 

233. For what purpose are the solutions of salts of baryta employed in the 
laborato]^ 7 What salts of baryta are poisonous t 

234. Write the specific gravity, combining number, and symbol of strontium* 
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bol. This salt is used by pyrotechnists in the composition 
called the fire cloud. 

Nitrate of strontia, SrO, NO5, crystalizes in anhydrous 
octahedrons, which are transparent and colorless. They 
require for solution 5 parts of cold and 1 part of boiling 
water. They deflagrate slightly on charcoal, and give a 
red flame. 

The salts of strontia, which are soluble, give a fine rose- - 
red, or crimson, color to the fiame of burning bodies. For 
this purpose they are used in theatrical exhibitions, and 
in fireworks. They are detected by the crimson flame 
which they give to burning alcohol. 

Calcium, 2+. 20. Ca. 

235. Calcium is a silver- white metal, solid at the ordinary 
temperatures. It oxidizes rapidly in the air, and inflames 
when heated. It decomposes water. 

Protoxide of calcium, lime, CaO. Lime is obtained by 
igniting chalk or other kinds of limestone. If a piece of 
chalk be exposed to the blowpipe flame, it will become 
much lighter, and will no longer efiervesce with acids. It 
, has lost Its carbonic acid, and is now lime. If a portion of 
it be placed on moistened red litmus-paper, it causes blue 
spots; it has, therefore, an alkaline reaction, which the chalk 
had not. 

To obtain lime absolutely pure, it must be made by igni- 
ting to whiteness, in a platinum crucible, an artificial carbon- 
ate of lime, procured by precipitation from nitrate of lime, 
by carbonate of ammonia. 

CaO, NO^=nitrate of lime. 
NH3, CO^=carbonate of ammonia. 

B7 double exchuife. 

CaO, C02= CARBONATE OF LIME, iusolublo Salt, 
(precipitated from aolvtion.) 

NH3, N05=nitrate of ammonia, soluble salt. 

(ranuuD* in aolation.) 

Pure lime is a brittle, white, earthy solid, often of consid- 

How may this metal be obtained ? State some of its properties. Write and 
explain the symbol of strontia. What oxide does strontia resemble ? What are 
some of its properties ? Write the symbol of chloride of strontium. State 
some of its properties. Write the symbol of nitrate of strontia. State its prop- 
erties. How are the salts of strontia detected t 

235. Write the specific gravity, combining number, and symbol of calcium. 
Mention some of die properties of this metal. Write the symbol of lime. How 
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erable hardness. It is quite infusible, and phosphoresces or 
emits a pale white light at a high temperature. When moist- 
ened with water it slakes with great violence, evolving heat, 
and crumbling to a soft, white, bulky powder, which is a 
hydrate containing a single equivalent oi water. The latter 
can be again expelled by a red heat. When slaked, even 
with ice, lime is raised to a temperature of 212°, and the 
steam, as it rises, carries with it a large quantity of lime in 
a state of minute division. When exposed to the air, it also 
falls into powder, in consequence of absorbing moisture from 
the atmosphere. The hydi*ate is soluble in water, though 
far less so than either the hydrate of baryta or of strontia. 
Warm water dissolves less lime than cold water. 

Hydrate of lime has been obtained in thin, delicate crys- 
tals, which are transparent, regular, six-sided prisms. These 
are formed by evaporation under the receiver of the air- 
pump, or by placing a vessel containing lime-water, and 
another containing sulphuric acid, under a glass jar. The 
sulphuric acid absorbs the moisture from the air above the 
lime-water, and thus hastens its evaporation. The acid is 
renewed as often as it becomes saturated with moisture. 

Lime-water has a strong alkaline reaction, a nauseous 
taste, and, when exposed to the air, becomes instantly cov- • 
ered with a pellicle of carbonate, by absorption of carbonic 
acid from the air. It must, therefore, be kept in closely 
stopped vessels. It is used, like baryta-water, as a test for 
carbonic acid. It is also of great use in medicine. 

When slaked and made into mortar, lime gradually absorbs 
carbonic acid from the atmosphere, and is converted into 
carbonate of lime, or limestone ; but a great length of time 
usually elapses before this conversion is complete. Under 
favorable circumstances, mortar acquires extreme hardness 
with age. Lime cements, which resist the action of water, 
contain clay. A water cement may be made by burning an 
intimate mixture of chalk with one-fifth clay. When this 
is ground to powder and mixed with water, solidification 
speedily ensues, and the cement in this condition is unaffect- 
ed by water. 

Lime is of great importance in agriculture. Many plants, 
as peas, clover, tobacco, &c. flourish only in a soil containing 
lime. The ash of these plants always contains more than 
half its weight of lime salts. Lime promotes the decay of 

is lime obtained ? How is it prepared in a state of absolute parity ? Write 
out and explain the diagram. State some of the properties of lime ; — lime-wa- 
ter. For what is lime-water used % Why does mortar harden with age ? What 
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vegetable matter in the soil and accomplishes many other 
important purposes, as the destruction of certain hurtful 
compounds of iron in marsh and peat lands. 

The caustic properties of lime render it serviceable in 
tanning. Skins soaked for a few days in lime-water, are 
easily freed from their hair ; they are then thrown into a 
tan pit. 

Lime is generally found in spring and well water ; hence 
these waters are called hard, because lime decomposes the 
soap, taking its acid* and setting free the fatty matter of the 
soap. 

When ignited, lime gives out an intense light, and hence, 
in the Drummond light, a mixed stream of oxygen and hy- 
drogen (183.) is made to fall on a cylinder of lime. This 
cylinder revolves slowly, so that it consumes more equally 
by the flame of oxygen and hydrogen. 

236. Chloride qf calcium, CaCl, is usually prepared by 
dissolving marble m hydrochloric acid, or as a by-product in 
several chemical manufactures. The salt separates from a 
strong solution in regular, six-sided prisms, which are color- 
less, and exceedingly deliquescent. These crystals contain 
six equivalents of water. By heat the water is expelled, 
and by a temperature of strong ignition the salt is fused. 

Anhydrous chloride of calcium dissolves in water with the 
evolution of heat; but the crystalized salt produces cold by 
solution. In forming freezing mixtures, the crystals are 
reduced to powder, and mixed with snow or powdered ice. 
In a fused condition the chloride is of great use in drying 
gases, for which purpose the gases are passed slowly through 
tubes filled with fragments of the salt. 
A tube thus prepared is represented in Fig. 81. 

Fig. 81. 100 parts of chloride of cal- 
cium in powder, exposed to an atmos- 
phere saturated with moisture, absorb 124 parts of water in 
96 days ; a quantity greater than that which is required for 
complete deliquescence.t Chloride of calcium is freely sol- 

*Thi8 will be explained more fully hereafter. 

fFor the mode ot determining the amount of caiix>nic acid in the carbonate 
of lime of bone«, and in other forms of carbonate of lime, see organic chemntry, 
under the article 6onf«. 



do lime cements that harden under water contain T What are some of the uses 
of lime % Why does hard water decompose soap ! What are the principal 
\ arts of the Drummond light ! (183 and 235.) 

236. Write the symbol of the chloride of calcium. How is this substance 
usually prepared ? State some of its properties. £xplain Fig. 81. 
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uble in alcohol, and forms with anhydrous alcohol a crystali- 
zable compound. 

237. Sulphate qf lime, gyptum, selenite, OaO, SO3. Na- 
tive sulphate of lime in a crystaline state, containing 2 eq. 
of water, is found in considerable abundance in some locali- 
ties. When melted it is rendered anhydrous. It is often 
associated wiih rock-salt, and is sometimes met with in the 
anhydrous state. When regularly crystalized, it is termed 
selenite. In a pure state it may be obtained from a mode- 
rately concentrated solution of chloride of calcium, by pre- 
cipitation with sulphuric acid. It is soluble in about 500 
parts of cold water, and its solubility is a Httle increased by 
heat ; it is precipitated from its solution by alcohol. When 
a large quantity of sulphuric acid is poured upon a mass of 
quicklime, the whole becomes red hot. 

Gypsum is largely employed in making casts of statuea 
and medals, and also for moulds in porcelain and earth- 
en-ware manufactures, and for other applications. It is 
exposed to heat in an oven when the temperature does not 
exceed 260°, and when the water of crystalization is thus 
expeUed, it is reduced to a fine powder. When this pow- 
der is mixed with water, it solidifies after a short time, 
forming again the hydrate. If, however, the gypsum has 
been overheated, this effect does not take place. Artificial 
colored marbles are frequently prepared by inserting pieces 
of natural stone in a sou stucco of this substance, and pol- 
ishing the surface when the cement has become hard. Sul- 
phate of lime is one of the most common impurities of 
spring water (219.) 

Gypsum has been long and extensively applied to the 
land as a manure. It is especially usefiil to legruminous 
plants, as beans, peas, &;c.(p. 172.) These plants not only 
absorb the Hme, but also the sulphur of the sulphuric acid. 
Gypsum has also a beneficial effect on the growth of plants, 
as It fixes in the soil the carbonate of ammonia contained in 
the air and in rain-water. This effect is produced by a 
double exchange,-*the sulphate of lime and carbonate of 
ammonia becoming carbonate of lime and sulphate of am- 
monia. • 

238. Carbonate of lime, chalk, limestone, marble, CaO, COj. 
Carbonate of lime forms rocky beds of immense extent and 

237. Write the svmbol of sulphate of lime. What is the principal source of 
sulphate of lime ? Mention some of its properties. How is it prepared in a 
pure state ? For what purposes is gypsum used ? In what respects is it useful 
as a manure ? 
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iMckneas in almost every part of the world. These beds 
are, however, usually more or less contaminated with oxide 
of iron, clay, and organic matter. The greatest diversity of 
texture and appearance exists in these beds of limestone, 
arising, in a great measure, from changes to which they 
have been subjected since their formation. The most an- 
cient and highly crystaline limestones are destitute of visible 
organic remains, while those of mor^ recent origin are often 
entirely made up of fossil shells. Sometimes these are of 
such a nature as to show that the animal inhabited fresh wa- 
ter, but generally they are the shells and coral of marine ani- 
mals. Cavities in limestones and other rocks are very often 
lined with magnificent crystals of carbonate of lime, or cal- 
careous spar, which have evidently been deposited from a 
watery solution. These crystals have a greater variety of 
form and aspect than those of any other substance, except, 
perhaps, the crystals of snow (122.) Although not sensibly 
soluble in pure water, carbonate of lime is freely taken up 
when the water contains carbonic acid (p. 102.) Almost 
an natural waters, therefore, contain this substance dissolved 
by the carbonic acid, which is always present in these wa- 
ters. This is particularly the case in limestone districts. 
Boilers in which such water is heated, speedily become 
lined with a thick incrustation of carbonate of lime. 

Lithographic stones are made of a fine compact limestone. 
They are covered with wax, grease, or varnish, and through 
this coating the design is traced. A weak solution of nitric 
acid is afterwards applied to the stone, and the lime dis- 
solves in those places which are unprotected; the other 
places accordingly remain raised, and, when the wax is dis- 
solved off, the design may be transferred by the press as 
from other plates. 

239. Fluoride of calcium, Jluor spar, CaF, occurs beauti- 
fully crystalized in various colors, in lead veins, the crystals 
having commonly the cubic, but sometimes the octahedral 
form. They always cleave parallel to the faces of an octa- 
hedron. A small proportion of the earth of bones (a few 
thousandths,) consists of fluoride of calcium ; a somewhat 
larger proportion is found in the enamel of teeth ; and a 
stiU larger quantity is contained in JbssU bones. It is insolu- 

238. Write the symbol of carbonate of lime How does carbonate of lime oc- 
cur t What is said of these beds of limestone t — solubility of carbonate of 
lime ? Of what are lithographic stones made ? How are engravings made on 
these stones ? 

239. Write the symbol of fluoride of calcium. How does this substance oe- 
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ble in pure water, but like the other insoluble salts of Hme, 
it is dissolved, to a small extent, in water containing carbonic 
acid. 

Some varieties of fluor spar, when heated, emit a green, 
red, or yellow light. By sulphuric acid it is decompoided 
with evolution of hydrofluoric acid (165.) 

240. CMinideof lime, hletiching powder, CkO^QXO, Ohio- 
ride of lime is formed when chlorine gas is ^raduallv added 
to lime slightly moist, and kept cool. It is a soft whiter 
powder, easily soluble in about 10 parts of water, giving a 
highly alkaline solution, which bleaches freely. 

The use of chloride of lime, as a disinfectant, depends 
on the action of the carbonic acid of the atmosphere, which 
gnidually expels the chlorine gas, and converts the lim^^ 
into the carbonate. After a Miutum of chloride of lime 
becomes in this way covered with a crust of carbonate, tlie 
action entirely changes, the chloride of lime gives off pure 
oxygen, and becomes converted into chloride of caleium 
(CaCL) 

241. The soluble salts of lime are instantly detected by- 
oxalic acid, or an oxalate in solution, which gives a dense 
white precipitate of oxalate of lime. This is an exceedingly 
characteristic test. 

Magneshtm, 1+. 13. Mg. 

242. Magnesium is a silver-white metal, with a high lustre. 
It is very ductile, and capable of being beaten out into 
thin leaves. It fiises at a low heat, and when heated in 
small pieces in the air, it bums with a most vivid light, and 
a lively emission of sparks, and becomes converted into 
magnesia, which is the only oxide. Cold water, previously 
ireed from air by boiling, has no effect on magnesium. Acid- 
ulated water dissolves it readily, evolving hydrogen. Sul- 
phuric acid is decomposed by magnesium giving off sulphu- 
rous acid ; cold nitric acid gives off binoxide of nitrogen. 
This metal crystaHzes in octahedrons. 

cur ? In what parts of the animal frame is fluoride of calcium found ? What 
is said of its solubility ? What other properties of fluor «piir are mentioned { 

240. Write the symbol of chloride of lime. How is it formed ? Mention some 
of its properties. IJpon what does its use as a disinfectsnt depend t What is 
the action after the chloride of lime solution becomes cohered with a crust of 
carbonate of lime ? 

341. How are the soluble salts of lime detected ? 

242. Write the specific gravity, combining number, and symbol of a^jiiemma. 
Mention some of its properties. 



THE ELEMENTS AND tttEtR COMBINATIONS. 177 

243. Magnesia, calcined magnesia, MgO. Magnesia is a 
soft, white, tasteless substance, which slowly attracts mois'^ 
ture and carbonic acid from the atmosphere) and unites 
Quietly with water to form the hydrate. In this respect it 
differs from the hydrate of lime, baryta, and strontia. It 
possesses a very small degree of solubility, and, like lime, 
IS less soluble in hot than in cold water, requiring about 
50,000 parts of water at 60^, and 36,000 parts at 212o. Its 
alkaline reaction with test-paper is feeble, and may be ob- 
served by placing a small portion in a moistened state upon 
test-paper. It, however, neutralizes acids in the most com- 
plete manner. 

244. Sulphate of magnesia, Epsom salt, MgO, SO, , -f 7H0, 
occurs in sea-water, and in the water of many mineral 
springs. It also occurs crystalized in long^ slender, pris- 
matic crystals (see Fig 82), or as an efflorescence on certain 
rocks and soils which contain magnesia, and a sulphate or 
sulphuret In the United States it is found abundantly in 
the great caverns west of the AUeehany Mountains. In 
one of these caves, near Corydon, in Indiana, it forms a 
stratum on the bottom several inches deep. It also appears 
on the walls of the cavern, and, if it be removed, acicular 
crystals will again appear in a few weeks. It is now 
manufactured in large quantities, by acting on mag^esian 
limestone with sulphuric acid, which produces a mixture of 
sulphate of lime and sulphate of magnesia. The sulphate 
of magnesia being soluble, is easily removed by filtration 
from the sulphate of lime, which is nearly insoluble (237). 
From a hot saturated solution, this salt crystalizes beauti- 
fully in four-sided rectangular prisms. This crystalization 
is represented in Fie. 82. This salt p. ^ 

may also be crystabzed on a slip of 
glass, as described on p. 166. The 
crystals of sulphate of magnesia are 
soluble in an equal weight of water 
at 60^, and in a still smaller quantity 
at 212°. They have a nauseous 
bitter taste. It is exceedingly valu- 
able in medicine, as a mild and safe 
cathartic. By heat, 6 eq. of water 
are easily driven off, but the seventh is firmly retained. 

243. Write the symbol of magnesia. State some of its properties. 

244. Write the symbol of sulphate of magnesia. How does this salt occur .' 
How is it now manufactured T What is the form of its crystals 7 Explain 
Fig. &2. State some of the properties of sulphate of magnesia. 

16 
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245. CarUmate of magnenOf MffO» CO,, is fomid nattre 
in magnesian- rocks, and is formed artificiallj by decompo- 
sing any of the soluble saks of magpMsia by an adkaline car* 
bonate. It is insoluble in water, bat, like carbonate of lime, 
(S38.) dissolves in a solution of carbonic add. When stirred 
up Mrith water, it manifests a slight alkaline reaction. When 
this solution is allowed to evaporate spontaneously, small 
prismatic crystals are deposited, which consist of carbonate 
of magnesia, with 3 eq. of water. In dry air they efl9oresce 
and lose 2 eq. of water. This sah has important uses in 
medicine. 

246. Silicates of magnesia. The following natnral com- 
poonds belong to this class ; steatite, or soap^Ume^ 5 (MgO, 
f iO,)+2HO; meerschaum, MgO, SiOa+HO. Meerschaum 
is found in various parts of Europe, chiefly in Greece and 
Turkey. It is a very porous substance when baked, and is 
therefore used in the manufacture of pipe-bowls, in which 
fi>rm it often comes to this country. By its porosity it absorbs 
a noxious oil that is produced in smoking tobacco, while its 
hardness is so gr^at that it is not easily broken like clay- 
pipes. Chry smite, 6 MgO, 4Si03+3HO, is a crystaline sili- 
cate of magrnesia, sometimes employed for ornamental pur- 
poses. A portion of magnesia is sometimes replaced by 
protoxide of iron, which communicates a green color. jSer- 
jfCHtine is a combination of a silicate and hydrate of magnesia. 
Jade is a silicate of magnesia combined with silicate ai alum- 
ina. Its green color is owing to oxide of chromium, which it 
contains. Augite and hornblende are essentially double silir 
cates of maenesia and lime. The magnesia is also more or 
less replaced by protpxide of iron. 

247. The salts of magnesia are known by a white crystal- 
ine precipitate, which they form with the soluble phosphates, 
especially with phosphate of soda, or by the precipitate 
formed with ammonia. 

245. Write the symbol of carbonate of ma|;nesia. Where is this salt foond t 
State some of its properties. 

246. Mention some of the silicates of magnesia. 

247. How are the salts of magnesia detected ? How are the metals of this 
group distineuished from those of the first group t (202.) What are the pecidiar 
properties of the metals of this group ! (202.) 
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GROUP THIRD. 

Aluminium, com. num. 14. symbol Al. 

248. Aluminium is obtained in the form of a gray powder, 
resembling finely divided platinum, with shining tin-white 
paints scattered among the powder. The whole may be 
rendered tin-white by burnishing. It may be compressed 
in an agate mortar into larger scales, having the perfect 
metallic lustre. 

Aluminium is fusible with great difficulty. When heated 
to redness in the air it bums brightly. In oxygen its com- 
bustion is so brilliant that the eye can hardly endure it, and 
80 great a degree of heat is produced that the alumina 
formed by the combination is partially fused. 

249. Ahtminot sesquioxide of alumimum, Al^O), is pre- 
pared by mixing alum (sulphate of alumina), with ammonia. 
Alumina and sulphate ot ammonia are produced. The 
latter being soluble, remains in the solution, while the alu- 
mina being insoluble is precipitated in an extremely bulky, 
white> gelatinous precipitate. In this form it is a hydrate of 
filumina. By remaining in the air it dries, and its volume 
becomes reduced to a few hundredths of the bulk oC th« 
humid mass. To render it pure, the hydrate is washed* 
It is then dried and ignited to whiteness. Thus obtained* 
alumina is white and friable. It has no taatOi but adheres 
to the tongue. It is very little acted on by acids. When, 
however, 3ie hydrate is dried in the air, or by a gentle hea^ 
without^ ignition, it dissolves freely in dilute acids, and in 
caustic potash or soda. From these solutions it is prectpi*' 
tated by sal ammoniac. It is highly hygrometic, condensing 
about 15 per cent, of moisture from the atmosphere in damp 
weather. It is fusible before the oxy-hydrogen blowpipe. 
The ruby and sapphire are transparent varieties of a mine* 
ral called earundum, which consists of nearly pure alumina 
in a crystalized state, with a little coloring oxide. Emery, used 
for polishing glass, is a coarse variety of corundum. Alumina 
is a very feeble base, and its salts have often an acid reaction. 

250. Clay is a silicate of alumina. If a piece, of clay be 
hollowed out, and some water poured into the cavity, it will 

248. Write the eombiniog number and symbol of aluminium. State the 
properties of this metal. 

249. Write the symbol of alumina. How is alumina prepared ? What are 
its properties T 
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not percolate tHrough it as it does through sand or lime. 
When beds of clay exist beneath the soil, the rain is un- 
able to penetrate through these beds, and consequently 
hog8 and marshes are formed. These may be drained by 
boring holes through the clay beds down to a layer of more 
loose earth, through which the water can flow. In many 
places in the interior of the earth, alternate beds of clay and 
sand are formed, one above the other.(Fig. 83.) If these 

Fig. 83. 




strata ascend on each side, forming hills, the rain water, as 
it runs down, must collect between the layers of clay, and 
rise in tliem wherever an opening exists, or is formed. From 
the figure it is obvious that if a boring is made through a 
second bed, as at &, the water may rise higher than in the 
boring through the first. These artificial fountains are called 
Artesian wells, from the province of Artois, in France, where 
they were first made. 

Clay acquires a violet color, when digested with an infu- 
sion of logwood for some hours, and renders the solution 
much more transparent. This it does by its power of ah* 
sorhtng coloring matter and rendering it insoluble. It also 
absorbs unctuous substances, and hence it is much used for 
extracting grease-spots from wood, paper, &c. It is spread 
over the surface of these substances, and allowed to remain 
a day or two in contact with them. A soft variety of clay 
is used in manufactories, for removing the grease applied to 
the wool in spinning. That clay has much greater power 
than sand .of imbibing moisture, may be shown by placing 

250. What form of alumina is clay ? Mention some of the properties of this 
substance. Explain Fig. 83. What are Artesian wells ? What other proper- 
ti^s of clay are mentioned ? In what rocks is clay an important constituent I 
Mention the composition of red pottery ware ; — of common white ware. State 



THE ELEMENTS AND THEIH COMBINATIONS. 181 

half an ounce of dry pulverized day om a filter, aiid half 
«in ounce of sand on a second, and pouring water on eacb. 
After filtration has ceased, the clay will have gained three- 
eighths of an ounce, and the sand only one-eighth of an 
ounce. If the sand is very coarse, its increase ofweigl»t 
will be still less. 

. Granite, porphyry, trachyte, and other unstratified rocks, 
^consist in great part of clay, or silicate of alumina, which, 
under peculiar circumstances not well understood, sufl^ 
complete decomposidon« being converted into a soft friable 
mass of earthy matter. Decomposed feldspar, one oi the 
constituents of granite, forms the clay which is used in the 
manufacture of porcelain. This clay is often colored by the 
oxide of iron. 

The common red pottery ware, and also bricks and tiles, 
are made of common clay, mixed with a portion of sand. 
The common white ware, stone-ware, tobacco-pip^s, &:c., 
are made of fine white clay. Two thin pastes are made, 
one of this clay mixed with water, another of ground flint. 
These pastes are then mixed together, and when dry 
enough to work, they are made into various kinds o£ ware. 
These are suffered to dry, so that they may be handled, and 
then placed in an oven and burnt to hardness. As yet they 
are without gloss or glaze. This is then put on by a brush, 
or by dipping the article in a tub of glazing material. The 
ware is then again burnt. By this last burning, it is vitri' 
fied. Finally, the colors are laid on and burnt. For com- 
mon ware, only one burning is performed, the three opera- 
tions above described beinff performed at once. The pat- 
terns upon ordinary porcelain, are first printed upon paper 
which IS attached to the plate or other article before burn- 
ing. The color adheres permanently to the surface, when 
heat is applied. The mineral color chiefly employed for this 
purpose, 18 oxide of cobalt, which gives blue figures. The 
oxides of chrome and manganese are also occasionally 
employed. The steel lustre which is sometimes given to 
porcelain, is produced by platinum. In the more delir 
jcate patterns, the colors are generally mixed with the oil 
p£ turpentine, and laid on with a camel's hair brush. When 
several colors are used, they require various temperatures 
for their perfection : those colors which bear the highest 
heat, are first applied, and afterwards, those which are 

the proeess of glazing. How are the patterns on ordinary porcelain made T 
What substances are employed to gi^e colored figures ? How are these colors 
usually put on 7 How is porcelain gilded ? Of what is stone-ware made ! 
16* 
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brought out at a lower temperature. The gilding of porce- 
lain 18 generally performed by applying finely '^divided gold, 
mixed with gum-water and borax. Upon the application of 
heat, the gum bums off, and the borax melting the surface, 
causes the gold to adhere firmly. It is afterwards burnished. 
Stoneware is made of clay, containing oxide of iron and a 
little lime, to which it owes its partial fusibility. The glaz- 
ing is performed by throwing common salt into the heated 
furnace. The salt is volatilized and decomposed by the 
joint agency of the ware and of the yapor of the water a^ 
ways present — 

Na Cl^chloride of sodium. 
HO =water. 

Bj doabis ezchaog* 

NaO =8oda. 

(foMa into the chv.) 

HCl =hydrochloric acid. 

(puMtoffasgaaw) 

The soda forms a silicate which fuses over the surface of 
the ware, and gives a thin but excellent glaze. 

Earthenware, The finest kind of this ware is made of a 
white secondary clay, mixed with a considerable quantity of 
sdica. The articles are thoroughly dried and Jired, after 
which they are dipped into a readily fusible glaze-mixture 
of which oxide of lead is usually an important ingredient, and 
when dry, reheated to the point of fusion of the mixture. 
Ihe ornamental designs in blue and other colors, are printed 
on paper m enamel pigments, mixed with oil, and trans- 
ferred, while still wet, to tlie unglazed ware. When the 
ink becomes dry, the paper is washed off and the dazinff 
completed. The coarser kinds of earthenware are some- 
times covered with a whitish opaque glaze, which contains 
oxides of lead and tin; such glaze is very liable to be at- 
tacked by acids, and is dangerous for culinary vessels 

Crucibles %.Te made of clay, free from lime, mixed with 
sand, or with ground ware of the same kind. Sometimes a 
mixture of plumbago and clay is used for the same purpose, 
and powdered coke with earth has been used. Crucibles 
made in this way, bear rapid changes of temperature with- 
out injury. 

^nZrema^d«f^H Explain the diagram. Of what is the finest kind of carth- 
What k^d of ai ^- " '* ^ ?^^^ ^ .^^^ ^"^ ^^« ornamental designs put on I 

of tt 'giif teraTe^rrbFe^s^radrr ^"^'^^^^^ ' ^"^^'^ -^^ 
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251. Alumina is of great value in the art of dyeing. Al- 
though it imparts no coloring matter itself, yet it has the power 
ofjixing and deepening the colors of other substances. It is 
therefore called a mordant, (Latin, mordeo, to bite,) because 
it causes the colors to fasten firmly to tl^e fibre of the cloth. 

252. Constituents of arable land. If a piece of thoroughly 
dried clay be exposed to the air for several weeks, it will 
be found to have gained in weight. This increase in weight 
is owing to the water, carbonic acid, and ammonia, which it 
has absorbed. The presence of ammonia may be perceived 
from the smell when it is triturated with some lime, and a 
few drops of water (p. 137.) As water, carbonic acid, and 
ammonia, are the most important means' of nourishment to 
plants, it is evident that clay must enhance the fertility of 
the soil. The clay most fertilizing in its properties, is that 
which has stood for years in contact with the air, since, by 
exposure* soluble salts of lime and potassa have been formed 
in It. For this reason, bricks or clay-fragments of old build- 
ings, are valued as excellent manure. Hence clay lands, 
when gently burnt, are rendered more fertile, because the 
porosity of the clay is thus increased, and consequently its 
capacity for absorbing air, ammonia, &c. Badly burnt 
bncks furnish excellent manure. 

Clay, or loam, and sand, form the principal ingredients of 
arable land. A soil wholly composed of either sand or clay, 
is wholly unproductive. A clayey soil is too compact and 
heavy, not allowing the roots of smaller plants particularly, 
sufficient room to spread. This soil is also so dense as to 
prevent a free circulation of air. By showers of short dura- 
tion, it becomes haJced; a crust forms on its surface, which 
prevents the water from penetrating into the soil. After 
long continued rains, it becomes mvddy, and it then allows 
the water to evaporate but slowly, and remains for a long 
time, wet and cold. A sandy soil suffers from the opposite 
disadvantages. It is too porous, and does not hold firmly 
the roots of plants. It is easily raised up and blown away 
by the wind, and it permits the rain at first to penetrate too 
deeply, and afterwards to dry up too rapidly. A clayey 
soil may therefore be improved by the addition of sand, and 
a sandy soil by the addition of clay, loam, or marl. 

251. What is said of the use of alumina in dyeing ? 

252. What experiment illustrates the power of clay to absorb gases ! What 
is the effect of clay upon the soil ? What kind of clay is most fertilizing? Why 
are clay lands improved by burning \ Mention the principal ingredients of ara- 
ble land. Why is a soil composed of either clay or sand unproductive ? 
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253. Sulphate of alumina, AlaOj+SSOj+lSHO. This 
«ak is prepared by Baturating dilute Bulphuric acid with h^*- 
drate of alumina (AljO,) and eyaporating. It crystalizesm 
thin pearly plates, soluble in 2 parts of water. It has a 
sweet, astringent taste, and an acid reaction. Heated to red- 
ness it decomposes, leaving pure alumina. 

Sulphate of alumina combines with the sulphates of pot** 
ash, soda, and ammonia, forming double salt* of 'great inter*- 
est These salts are called alums. Common alum con<* 
tains 

A1,0„ 3S0, +K0. SO, +24HO. 

mUphstc uf alomiBk, •alphate of poUib, 34 eq. of watw. 

Alum is therefore a double sulphate of alumina and pot» 
ash, with 24 eq. of water of crystalization. It reddens lit* 
mus paper, and dissolves in 18 parts of water at 60^, and in 
its own weight of boiling water. All the alums are solubla 
salts, with a sweet astringent taste, and all contain 24 ecy, of 
water of crystalization. 

Alum is largely employed in the arts, in preparing skini^ 
dyeing, &c. When it is added to a solution of coloring mat" 
ter, and the alumina is precipitated by an alkali, all the col* 
oring matter is thrown down with the precipitate, and forms 
what is called lake. The common lake used in water-color- 
ing, is derived from madder treated in thb way. Gamune 
is a lake from cochineal. 

Chromium, 6. 28. Cr. 

254. The most important ore of chromium, is chromate 
of iron. This is a dark colored substance, totally unlike 
the beautiful compounds that ai-e formed from it. It is 
rather abundant, particularly in this country. On account of 
its great affinity for oxygen, the metal is very difficult to 
procure. It is whitish-gray, or between tin-white and steel** 
gray. It is hard and very brittle, breaking when Hghtly 
struck with the hammer. It resembles cast iron, is almost 
infusible, and nearly insoluble in acids. By fusion with ni* 
tre, it may be oxidized, but does not change in the air. 

253. Write and explain the symbol of sulphate of alumina. Mention some of 
its properties. Write and explain the symbol of common ahim. What, there- 
fore, is alum ! State some of its properties ;— some of its ases. What is a 
lake color! 

254. Write the specific gravity, combining number, aiid symbol of chromium. 
What IS the most important ore of chromium ? What is said of this ore ? |l|ej»^ 
tion some of the properties of the metaL 
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" 265. Chromic acid, CrOs, is formed by adding sulphuric 
acid to a cold and concentrated solution of bichromate of 
potash (257.) 

KO, 2CrOs=bichromate of potash. 
SO3 =sulphuric acid. 

Briag down XO 

2Cr03=CHROMIC ACID. 

(precipitates rrom acid wlutioa.) 

KOy S03=::sulphate of potash. 

(diMolved ta acid aoiutioa.) 

The chromic acid is deposited from the mixture when 
cold in ruby-red prisms. The sulphate of potash above 
the crystals may be turned off, and the chromic acid dried 
on a porous brick. It must be kept from organic matters, 
which at once decompose it. For this purpose it should be 
secured under glass. A little of this acid thrown into alco- 
hol, or ether, produces violent action, and sets fire to the 
mixture. It is very deliquescent and soluble in water. Its 
solution is instantly reduced by contact with organic matter. 
. 256. Chromate f^ potash f KO, CrO,, is formed on a large 
scale by heating the native chromic iron with nitrate of pot- 
ash. After the mass has been ignited for a considerable 
time, the product is treated with water, which dissolves out 
the chromate of potash, forming a yellow solution. Thii^ 
by evaparation, deposits anhydrous crystals of the same 
color. Chromate of potash has an alkaline reaction, and a 
cool, bitter, and disagreeable taste. It is soluble to a great 
extent in boiling water, and in two parts of water at 60^. 
It is insoluble in alcohol. 

257. BichromcUe of potash, KO, 2Cr03, is formed by add- 
ing sulphuric acid to a solution of the yellow chromate. 
One half of the potash is in this way removed to form sulphate 
of potash, and the bichromate crystalizes by slow evapora- 
tion in brilliant red, four-sided, and rectangular tables and 
prisms. Its powder is reddish-yellow. It decrepitates in 
the fire, and fuses at a heat considerably below redness, 
forming a transparent red liquid. It is soluble in ten parts 
of water, and the solution has a cool, bitter, and metallic 
taste, and an acid reaction. Both the chromate and the bi- 

255. Write the symbol of chromic acid. How is this acid formed ! Ex- 
plain the diagram. State some of the properties of chromic acid. 

266. Write and explain the symbol of chromate of potash. How is this salt 
formed ! State some of its properties. 

257. Write and explain the symbol of chromate of potash. State the process 
of preparing this salt. Mention some of its properties and uses. 
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chromate of potash, are prepared on a large scale for the 
use of the calico printer, and for making chrome yellow. 

258. ChromaU of leadf chrome yellow, 'PhOfCiO 3. This 
yellow pigment is prepared by precipitation from the nitrate 
or acetate of lead, by a solution of chromate or bichromate 
of potash : 

PbO, N05=nitrate of lead. 
KO, Cr03= chromate of lead. 

By double ezcbaags 

PbO, CrO,=-CHROMATE OP LEAD, insolublo salt. 

^prwipiuted fnim sohitio*.] 

K0> NOf =:nitrate of potash, soluble salt. 

tranaiaa in ■ol m ion.J 

When boiled with lime-water, the chromate of lead loses 
half its acid, and a sub-chromate of an orange-red color is 
left. Still more of the chromic acid is removed by adding 
chromate of lead to fused nitre, and afterwards dissolving 
out the soluble salt by water. The product thus obtain^ 
is crystaline, and rivals vermillion in beauty of tint. The 
abstraction of chromic acid, therefore, changes chromate of 
lead to orange and red, while the addition of this acid 
changes the yellow chromate of potash to the red bichro- 
mate of potash. (See also chromate of silver, imder the 
head of silver.) 

259. A salt of chromic acid is detected by the yellow pre^ 
cipitate of chromate of lead and chromate of baryta, wnich 
it forms with solutions of baryta and lead. Nitrate of mer- 
cury forms a rich cinnabar precipitate with solutions of 
chromium, nitrate of silver a carmine changing to puiple, 
nitrate of copj)er a chestnut colored precipitate. The salts 
of chromic acid may be generally aistingnished by their 
color. 

258. Write the symbol of chromate of lead. State the proceaa of prepariag 
this salt. Explain the diagram. What is the effect of abstractiBg a poitioB of 
chromic acid from the chromate of lead ? How is a similar effect produced 
upon the chromate of potash ! 

259. How is chromic acid detected t How are the metals of this group dis- 
tinguished from those of the preceding groups ! Mention the peculiar proper- 
tuts of the metaU of this group. 
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GROUP fourth:'^ 

Manganese, 8. 28. .Mn. 

260. Manganese is somewhat abundant^ in nature in an 
oxidized state, forming or entering into the 3 composition of 
several interesting minerals. Traces of tb js substance are 
frequently found in the ashes of plants. / It is a grayish- 
white metal, with but little metallic lustre.^^ resembling some 
varieties of cast iron. It is very soft anfi easily spht, and 
yet brittle. It is destitute of magnetic Properties. When 
tree from iron it oxidizes so readily /that it requires to 
be kept under naptha. It is fusible with great difficulty. 
Water is not sensibly decomposed by mjanganese in the cold. 
Dilute sulphuric acid dissolves it with sjAreat energy, evolving 
hydrogen. It is also oxidized rapidly by other dilute acids. 

Manganese forms an immense nulmber of salts. Even 
the combinations with oxygen alone ajre very numerous : 

Protoxide, MnO. 

Deutoxide, Mn304 =Mng)Oi j.* 

Tritoxide, Mn203=Mn^Oi2. 

Peroxide, MnOa =Mn^Oij. 

Manganic acid, MnO, =Mr 40i2=Mn702i. 

Permanganic acid, Mn207= . , . MngOai. 

261. Peroxide of mangcmese^ Hack oonde, Mn02, is the 
most common ore of manganese, and the moc* important com- 
pound. It is found both massive and crystali^^ed. It. has a 
black color, is insoluble in water, and refuse^^^ unite itith 
acids. It is decomposed by hot sulphuric aq|^ with the So- 
lution of oxygen gas, and by hydrochloric^cid, with the 
evolution of chlorine (l->5.) This oxide of/ manganese has 
considerable importance in commerce, on account of its uses 
in making chlorine for bleaching, and als(yas a component of 
gla8s(p. 159, 161.) / 

262. Manganic acid, MnOj, is not found in a free state, 
nor formed separately. It is produced when an alkali is 
fused with an oxide of manganese. The alkali causes the 

* This form is adopted to compare the moportion of oxygen and base which 
these compounds of manganese cont<iiT>. The proper formulae are those on the 
left hand. 



SSO. Wiit© the wf^cifit gmti ^,* mmhi n i nf number, and symbol of manganese. 
In what state is mfuiganese fon d ? Vsvtatm some of its properties. What is 
said of the coo)^ nations ^f m«i4«iM4» t 

261. Whte ihe ivmboi of pennidr of lOttiiianese, What is said of this ore of 
nanganeseT ^ 
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manganese to tak;^an additional quantity ot oxygen from 
the air, and by .^is the oxide is converted into an acid, 
which unites wit ,h and saturates the alkali with which it is 
fused. When pdptash is the alkali employed, a manganate 
of potash is thursformed, in green crystals. These dissolved 
in water give arn emerald-green color to the solution, which 
almost immediat^.ely changes from the absorption of oxygen 
from the air, bec^pming in quick succession, green, blue, pur- 
ple, and finally cbrimson-red. For this reason it has been 
called the camdehm mineral. The last color is due to the 
presence of permlanganic acid» which, like the manganic 
acid, cannot be sepai-ated from its combinations, but torms 
a salt with potash in\beautiful purple crystals. 

263. The salts of I manganese are easily detected by the 
blowpipe. With borax, they give an amethystine bead, in 
the outer flame, and m colorless one in the inner. With car- 
bonate of soda, they gi|ve a green bead. This is a more deli- 
cate reaction than thatl with borax. 



Ibon, ( 8. 27. Fe. 

264. To this most valuable of all the metals, the present 
civilization of the world, and the progress of the arts and 
sciences, are owing. It Is probable, that its uses were but lit- 
tle known in the earlier periods of society, although we iind 
it mentioned by Mosea and the earlier writers of the Bible. 
Even the Romans, quite late in the history of their empire, 
employed an a^,iby of copper and tin in their armor, instead 
of u'on. Th/eynount of iron consumed «it the present day, 
by any nation, .pdicates very truly its advancement in the 
arts and sciend^s* 

Iron must, generally, be obtained from its ore, which is 
found lying in the earth, or imbedded in other rock ; gold 
is found on the sur^ce in the metallic state. The latter may, 
therefore, be well k^own in a savage or half-civilized state 
of society, while the valuable properties of the former are 
entirely unknown. 

In the condition of o>tide, iron is almost universally dif- 
fused. It constitutes a gfeai^ part of the common matter of 
rocks and soils. It is contained in plants, and forms an es- 
sential component of the blood bt'^^the animal body. As me- 

262. Write the symbol of manganic acid. How is this atf id formed ! State 
some of its properties. \ 

263. How are the salts of manganese detected ? 

264. Write the specific gravity, combining number, and sjrmbol of iron. What 
is said of the history of iron 7 How must iron generally be obtained f Jiow 
^oes this metal occur \ 
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Fig. 84. 



talUc iron, it forms at Canaan, in Connecticut, a vein about 
two inches thick, in mica-slate rock. It frequently, also, en- 
ters into the composition of meteorites, or stones, which fall 
from the air. 

265. In reducing iron from its ore, a mixture of several 
kinds is generally used, because it has been found that the 
iron is reduced more easily in this way than when only one 
kind is employed. The mixed ore is piled up along with 
billets of wood, coal, and other combustibles, in heaps four 
or five feet high, and many feet in length and breadth. The 
combustibles are set on fire, and allowed to bum for some 
days until consumed. This roasting drives ofi* the sulphur 
and carbonic acid of the ore, and renders it brittle. It is 
then broken down, and mixed with certain proportions of 
charcoal, coke, bituminous or anthracite coal, or limestone, 
and put into a blast furnace. This fiimace (Fig. 84.) is 
about forty or fifty feet high. A A are the sides of die fur- 
nace. They are made in such 
a way, as to be capable of bear- 
ing the most intense heat with- 
out injury. B is a hole, made 
at a considerable elevation from 
the fire, for the introduction of 
the mixed materials. D D are 
pipes connected with bellows 
or other machines for blowing. 
Beneath the furnace there is a 
receptacle for the melted met- 
taL 

Iron ore contains many in- 
gredients which must be melt- 
ed in order that the iron may 
flow forth. Among these one 
of the most important is silica, 
which is often added when it does not exist in sufficient 
quantity. Lime is also added, which forms with the silica 
a glass that melts more readily than either of its constitu- 
ents (168, 235.) separately, and flows off* as slag, bearing 
with it, to a great extent, the impurities of the iron. 

The metal obtained by this process is not pure iron, but a 
combination of carbon and iron. A hundred weight when 

265. State the process for reducing iron from its ore. £xplain Fig. 84. 
How are the foreign ingredients separated from the ore ? What is said of the 
metal obtained by this process ? How is it deprived of its carbon ? What 
are these furnaces usually called when employed for this purpose ! 
17 
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melted from the ore, takes up about four or five pounds of 
carbon, and likewise some silicon from the silicic acid, alu- 
minium from the clay, and sometimes, also, a trace of sul- 
phur, phosphorus, arsenic, &c. This iron is deprived of its car- 
Don by re-melting in a reverberatory furnace (p. 159), where 
the fuel does not come in contact with the iron itself. In this 
furnace, a cheaper fuel than coal may be used, as peat. The 
iron is constantly stirred in the reverberatory furnaces which^ 
when employed for purifying iron, is generally called a ^pudr- 
dling furnace. 

266. Pure iron has a white color and perfect lustre ; comr 
monly, however, its color is a peculiar gray. The crystaline 
form is probably a cube. In good bar iron, or wire, a fibrous 
texture may always be observed when the metal has been 
attacked by rusting, or by the application of an acid, and 
upon the perfection of this fibre much of its strength and 
value depends. Iron is the most tenacious of all the metals ; 
a wire or J^ of an inch in diameter bears a weight of 60 
pounds, it is very difficult of fusion, and, before becoming 
liquid, passes through a soft pasty condition. In this state 
it may be welded (p. 146), which is usually performed by 
sprinkling sand over the heated metal. This combines with 
the superacial film of oxide, forming a fusible silicate, which 
is subHoquently forced out from between the pieces of iron 
by the pressure applied. Clean surfaces of metal are thus 
presented to each other, and union takes place without diffi- 
culty. 

In dry air iron does not oxidize at common temperatures. 
Heated to redness, it becomes covered with a scaly coating 
of black oxide, and, at a high white heat, burns brilliantly, 
})roducing the same substance. In oxygen gas the combus- 
tion occurs with still greater ease. The finely divided 
spongy material, which is formed when the red oxide is 
reduced by hydrogen (which takes the oxygen to form 
water), at a heat below redness, takes fire spontaneously in 
the air. Pure water, free from air and carbonic acid, does 
not tarnish a surface of polished iron, but the combined 
agency of free oxygen and moistiure, speedily leads to the 
production of rust, which is a hydrate of the sesquioxide. 
The rusting of iron is wonderfully promoted by the pres- 
ence of a little acid vapor. Dilute sulphuric and hydro- 
chloric acids dissolve iron freely with the evolution of hydro- 

266. Mention some of the properties of iron. Why is sand sprinkled over 
red hot iron in the process of welding ? What is said of the relations of iron 
to oxygen l^magnetism ! 
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gen. Below a red heat iron is strongly magnetic, but iit 
this temperature it loses all traces of magnetism. 

207. Sesquioxide of irofii FejfOj. If some iron filings are 
introduced into a tumbler filled with spring water, the iron 
will gradually lose it lustre, assume a black color, and be- 
come converted into magnetic oxide of iron. If the water 
is first boiled to expel the air and carbonic acid which it 
contains, the iron will retain its metallic lustre while it re- 
mains beneath the surface ; but if the water be poured off, 
the iron on coming into contact with the air will soon rust. 
This is the sesquioxide of iron with 3 eq. of water which it 
absorbs from the atmosphere, and which is the cause of the 
yellow color of rust. 

This oxide of iron is found native in the beautiful specular 
iron of Elba, and also in the red and brown hematites. It is 
slightly acted on by the magnet It is oflen of a brilliant 
red, and as ochre of various tints, is much used as a pigment. 
Ammonia precipitates it from its solutions as a bulky red 
precipitate. 

368. Ma>gnetic oxide, black oxide, loadstone, "F^^O^, is 
one of the most valuable of the iron ores. It is often found 
in regular octahedral crystals, and is the chief product of the 
oxidation of iron at high temperatures, in the air and in 
aqueous vapor. When properly prepared, it is of a deep vel- 
vet-black color, vfrithout any shado of red (sesquioidde), and 
attracted by the magnet. It does not form salts. 

269. Protosulphuret of iron, FeS, is a blackish, brittle 
substance, attracted by the magnet. It is constantly used 
in the laboratory, in the preparation of sulphuretted hydro- 
gen (164.) For this purpose, it is made by throwing into a 
red hot crucible, a mixture of 2| parts of sulphur, and 4 parts 
of iron filings or borings of cast iron. The mixture is gen- 
erally added in small quantities at a time. It is best lo ex- 
clude the air as much as possible. The same substance is 
formed when a bar of white hot iron is brought in contact 
with a roll of sulphur. 

270. Bisulphuret of iron, FeS 3, is found in the rocks of 
every geological age. It is evidently formed in many cases 

267. Write the symbol of the sesquioxide of iron. Why is this called a ses- 
quioxide ? (p. ] 17.) By what experiment may the action of air and water on 
iron be illustrated ? In what forms is the sesquioxide of iron found native ? 

268. Write the symtiol of the black oxide of iron. How does this ore of iron 
occur ? State some of its properties. 

269. Write the symbol of the protosulphate of iron. How is it prepared in 
the laboratory ! State some of its properties. 

270. Write the symbol of the bisulphuret of iron. How does the symbol of 
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by the gradual deoxidation of sulphate of iron (271), by oxv 
ganic matter. It exists under two allotropic forms, that of 
yellow iron pyrites, and that of white iron pyrites. The yel»> 
low iron pyrites has quite the appearance of brass. It oe- 
curs in cubic crystals, is very hard, and not attracted by the 
magnet. When exposed to heat, a sulphuret, intermediate 
between the bisulpuuret and protosulphuret, is produced^ 
When heated, the bisulphuret of iron gives off fumes of sul* 
phurous acid, and is, therefore, now much used in the manu- 
facture of sulphuric acid (151.) 

271. Protostdphate of iron, green vitriol, FeO, SO3+7 
HO, may be obtained directly, by dissolving iron in dilute 
sulphuric acid. It is generally prepared, on a very large 
scaloy by contact of air and moisture vnth common iron py-r 
rites (bisulphuret of iron.) This substance absorbs oxygen 
from the air and moisture, and becomes the protosulpbate. 
Heaps of the material are exposed to the air until the de^ 
composition is sufficiently advanced, and the salt thus pro- 
duced is dissolved out by water, and crystalized. It forms 
beautiful large green crystals, which slowly effloresce and 
peroxidize in the air. They are soluble in about twice their 
weight of cold water. Crystals containing 4, and also those 
containing 2 eq. of water, have been obtained. Green vit* 
riol is much used as the basis of all black dyes and inks, and 
in the manufacture of Prussian blue. In tbe arts it is called 
copperas. 

272. Of all the combinations of iron, steel is the most im- 
portant. It is formed by heating pure iron in contact with 
charcoal, and is a compound of iron, with a small proportion 
of carbon. In common steel the carbon rarely exceeds 2 
per cent. It is made by a process called cementation. A suit- 
able furnace is filled with alternate strata of bars of the pu- 
rest malleable iron and powdered charcoal. Atmospheric air 
is carefully excluded from the boxes containing the bars, and 
the whole is kept for several days at a red heat. By this 
process carbon penetrates and combines Mrilh the iron. This 
IS probably effected by the agency of carbonic oxide. The 
oxygen of the air in the crucible combines with the carbon, 
to form carbonic oxide, which coming in contact with the 

this siilphuret differ from that of the last? What is said of the bisulphuret of 
iron ? 

271. Write and explain the symbol of the protosulpbate of iron. How does 
this symbol differ from that of the sulphurets ? How is this salt of iron obtain- 
ed ! Mention some of its properties and uses. What is it called in the arts ? 

272. By what process is steel formed t In what way is carbon brought from 
the charcoal to the steel ? Why is steel formed in this way called blistered 
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Heated iron, is decomposed, and loses one half of its carbon. 
It then becomes C02> or carbonic acid. It afterwards takes 
up more carbon, and thus returns to CO, or carbonic oxide, 
and thus the process is continued, the carbonic oxide acting 
as a carrier from the carbon to the heated iron. The pro- 
duct of this operation is called blistered steel, from the blis- 
tered and rough appearance of the bars. The texture is 
afterwards improved and equalized by welding a number of 
these bars together, and drawing the whole out under a light 
tilt-hammer. 

Steel holds a middle place between cast and wrought iron, 
both as to the quantity of carbon it contains, and its other 
properties. Like cast iron, when heated to redness, and 
plunged into cold water, it becomes hard and brittle ; if 
cooled somewhat more slowly, it is elastic ; if cooled very 
slowly, it possesses the properties of bar iron, in being son, 
ductile, and malleable. Articles of steel arc forged into 
shape, then hardened, and tempered or let down by exposure 
to a proper degree of annealing heat. This is often regula- 
ted by the color of the thin film of oxide which appears on 
the polished surface. Thus a faint straw color appears at 
about 430°, and this is the proper heat for razors. A full 
yellow or brown tint, is produced by a temperature of 470^ 
to 490°, and this is used for scissors, pen-knifes, &c. Swords 
and watch-springs, require to be softer or more elastic, and 
are heated to about 550° or 560°, or until the surface be- 
comes deep blue. Instead of the test by colors, Tnetdl laths 
are now often used, which give greater certainty to this pro- 
cess. When heated to redness, and suddenly plunged mto 
cold water, steel becomes capable of scratching glass. 

In Jusibility also, steel is midway between cast iron and 
bar iron, being less fusible than cast, but more fusible than 
wrought iron. Articles of wrought iron may be superficial* 
ly coated with steel by plunging them into melted cast iron. 
The same object may be accomplished more easily, by 
strewing ferrocyanide of potassium over the hot iron. This 
is decomposed, and the carbon of the cyanogen is absorbed 
by the surface of the heated iron, as will be explained more 
fully hereafter. 

Many soils contain a large quantity of the oxide of iron, 
which, on the surface, and m contact with the air, is in the 

steel ? How is the texture of this steel afterwards improved ! What are the 
properties of steel compared with those of cast and wrought iron 1 How is 
steel tempered ? What test is now often employed for the tem^r of steel ? In 
what other respect is steel midway between cast and wrought iron t How are 
17* 
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State of the sesquioxide, but beneath the surface is often 
converted into the first oxide, by the action of the carbon of 
the organic matter in the earth. This withdraws one third 
of the oxygen from the sesquioxide to form carbonic acid. 
In this state the oxide of iron is much more injurious to 
plants, than as a sesquioxide, on account of its greater 8o1u-> 
bility, A red irony soil, therefore, should be frequently turned 
over, especially, if manure has been added to it, and should 
be kept loose and pervious to the air, that the formation of 
protoxide of iron may be prevented as much as possible. 

273. Many of the compounds of iron are employed in 
medicine. These preparations are powerfully tonic, raising 
the pulse, promoting the secretions, and increasing the color- 
ing matter of the blood. 



Zinc. 



33. Zn. 



274. Zinc is not found native, but a peculiar red oxide of 
zinc abounds at Stirling, New Jersey, and the native carbon- 
ate, or calamine, is found abundantly in many places. 



Fig. 85. 




Ores of zinc, like those of iron 
(265), are first roasted, to drive 
off the sulphur or carbonic acid 
with which they are combined. 
They are then mixed with i 
their weight of charcoal, and 
placed in a large crucible in a 
furnace (Fig. 85.) A second cru- 
cible is cemented on the fin^t and 
an iron tube, open at both ends, 
passes through the bottom of the 
lower crucible. This tube ex- 
tends downwards through the 
bars of the furnace, into a tub of water. 

When the heat is applied, the charcoal in the crucible de- 
composes the ore uniting with its oxygen, to form carbonic 
oxide, which passes off through the iron tube. The metal, 
thus reduced, also volatilizes, and passes off with the carbonic 
oxide ; but, while the latter bubbles up through the water 
beneath, and escapes, the zinc is there condensed and sinks to 
the bottom. 

articles coated superficially with steel ? What is said of the oxides of iron in 
the soil ?— of the use of iron in medicine ! 

274. Write the specific gravity, combining number, and symbol of zinc. 
How does zinc occur t Describe the process for procuring zinc. Explain 
Fig. 85. 
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1^75. Zinic is a bluish-white metal, tough at common tern-* 
peratures, but very brittle at the point of fusion, which is 
773®. At a heat a little above that of boiling water, or from 
210^ to 300^, it is laminable and ductile ; hence, it is drawn 
out into wire, and rolled into sheets, and after being treat- 
ed in this manner, or hammered at this temperature, it re- 
tains its malleability when cold. When slowly cooled, it 
crystalizes. By exposure to the air it is oxidized on the 
surface, but afterwards suffers little change. For this rea- 
son iron is coated with zinc, (galvanized iron, 84,) to protect 
it from the weather. When fused in an open crucible, zinc 
absorbs oxygen from the air, and forms the white oxide, 
called the flowers of zinc. If the crucible is covered, and 
heated to full redness, on removing the cover the zinc bursts 
into a flame, and bums with a brilliant white or greenish 
light. The combustion is so violent, that the oxide, as it is 
formed, is carried up into the air. Dilute acids dissolve 
zinc very readily. By its powerful attraction for oxygen, 
zinc decomposes a great number of salts and metallic solu- 
tions, and precipitates the metal from them. In 
this manner it precipitates lead from the acetate of J** ' 
lead in the arborescent form (Fig. 86.) This is usual- 
ly called the zinc tree, although in fact it is compo- 
sed of lead. Zinc is harder, yet lighter than lead, 
cheaper than copper, and less liable than iron to be 
destroyed by air and water. Its uses, therefore, are 
very numerous and important. It is employed for 
making nails, gasometers, gas-pipes, gutters for 
covering roofs of houses, for lining refrigerators, &c. 

On account of its great combustibility, zinc is sometimes 
used in fire works. When mixed with nitre and drop- 
ped into a red hot crucible, it detonates violently. At 
a heat of about 770°, zinc melts, and forms a gi*ey film of 
suboxide, which after a time assumes a yellow color, and is 
converted into oxide of zinc (ZnO.) As this oxide cools, it 
passes to a white color, and by this change of color of its 
oxide, zinc may be distinguished from other metals. 

276. All the salts of zinc are poisonous, and excite when 

275. State some of the properties of zinc. In what two ways is galvanized 
iron protected by the zinc t Ans.— First, the zinc, after being covered with a 
film of oxide, does not rust as easily as iron. Secondly, by galvanic princi- 
ples, the iron cannot rust as long as a particle of zinc remains. What experi- 
ment illustrates the combustibility of zinc \ Explain Fig. 86. What change 
of color is produced in the oxide of zinc by heat \ 

276. What is the action of the salts of zinc on the system t What antidotes 
are employed ! 




196 XLBICENTS OF CHEBfXBTBT. 

introduced into the stomach violent vomiting. Milk, white 
of eggs, and coffee, are employed as antidotes. 

Nickel, 9. 30. Ni. 

277. This metal is found in considerahle ahundance, in 
some of the metal hearing veins of the Hartz mountains, 
and in a few other localities, chiefly as arseniuret. In this 
country it has heen ohtained at Chatham, Ct., and also at 
Mine la Motte, in Missouri. It has heen found as a heauti- 
ful green hydrous oxide in Lancaster Co., Pa. 

Nickel is almost always found alloyed in masses of meteo- 
ric iron. It is a white malleahle metal, and takes a high 
polish. It does not fuse helow 3000°. It is not as easily 
oxidized as iron, since it is hut little attacked hy dilute 
acids. It is one of two or three magnetic metals, and mag- 
nets may he made of it, nearly as powerful as those of iron. 
At 660 o, it loses its magnetic power. Its chief use is in ma- 
king German silver, a compound of copper 100 parts, zinc 
60, nickel 40. 

278. Sulphate of Nickel, NiO, S03,+7HO, occurs in 
heautiful green prisms, which contain 7 eq. of water, and 
dissolve in about 3 parts of cold water. The water of crys- 
talization may be driven off by heat. With the sulphates of 

Sotash and ammonia, sulphate of nickel forms beautiful 
ouble salts. 

Cobalt, 8*5. 30. Co. 

279. Cobalt, nickel, and iron, have a great similarity, 
both in their external appearance and in their properties. 
The two first are constantly found associated in nature, and 
are obtained from their ores by similar means. Cobalt and 
nickel have less attraction for oxygen than iron, or do not 
acquire rust so easily, and are therefore called nobler met- 
als. All these metals are magnetic; if pure, however, co- 
balt would, probably, be found not magnetic. Cobalt is a 
reddish-white, brittle metal, which melts only at a very high 
temperature. It is but feebly attacked by dilute hydrochlo- 
ric and sulphuric acids, and remains in the air unchanged. 

277. Write the specific gravity, combining number, and symbol of ntckeL 
How does this metal occur! State some of its properties. What is the com- 
position of German silver ? 

278. Write the symbol of sulphate of nickel. Describe this salt. 

279. Write the sp. gr., com. num., and sym., of cobalt. What is said of the 
resemblance between cobalt, nickel, and iron ? Why are cobalt and nickel 
called nobler metals than iron 1 Mention some of the properties of cobalt. 
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280. Protoxide qfcohalt^ CoO, is a grayish-pink powder, 
very soluble in acids. It affords salts of a ifine red or pink 
color. When the cobalt solution is mixed with caustic pot- 
ash, a beautiful blue precipitate falls, which, when heated, 
becomes violet, and at length, a dirty red. These altera- 
tions in color, are owing to a change in the state of hydra- 
tion. Both this and the peroxide of cobalt (C02O3;), com- 
municate a splendid blue color to glass. By this reaction 
with a bead of borax under the blowpipe, oxide of cobalt 
may be detected. The substance called smalt, used as a pig- 
ment, consists of glass colored by the oxide of cobalt. Wri- 
ting paper is prepared with a faint blue tinge, by adding a 
little of this substance in powder. Cobalt uttra-^marine is a 
fine blue color, prepared by mixing 11 parts of freshly pre- 
cipitated alumina with 2 parts of phosphate or arseniate of 
cobalt, drying the mixture and slowly heating to redness. 
By daylight, the color is pure blue ; but by artificial light it 
is violet. Zaffre is the roasted cobalt ore, mixed with a 
<][uantity of siliceous sand, and reduced to fine powder. It 
is used in enamel painting. A fine black color is given to 
glass, by a mixture of the oxides of cobalt, manganese, and 
iron. 

281. Chloride of Cobalt, CoCl, is easily prepared by dis- 
solving the oxide in hydrochloric acid. It gives a deep rose- 
red solution, which, when sufiiciently strong, deposits hy- 
drated crystals of the same color. When the liquid is evap- 
orated to a very small bulk, it deposits anhydrous crystals 
which are blue ; these also form a red solution on contact 
with water. A dilute solution of chloride of cobalt forms 
a blue sympalhetie ink, which is so pale, that the letters 
formed with it are invisible, until they are rendered anhy- 
drous by heat, when they appear of a blue color. These 
soon absorb moisture, and again become invisible. Green 
sympathetic ink is formed by a mixture of the chlorides of 
cobalt and nickel. 

282. Cobalt is precipitated violet-blue, by potash and so- 
da ; red, by carbonate of potash and carbonate of soda ; 
green, by yellow prussiate of potash ; brownish, by the 
red prussiate; black, by an alkaline sulphuret; and gray, 
by the chromate of potash. 

280. Write the symbol of cobalt. State some of its properties. Of what 
does smalt consist t — cobalt altra-marine 1 — zaffre ? In what way is a fine 
black color given to glass ? 

281. Write the symljol of chloride of cobalt. How is this chloride prepared ? 
State some of its properties. How does this group of metals differ from the pro- 
ceeding groups ! (202.) State the peculiar properties of this group. (202.) 
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FIFTH GROUP. 

Bismuth, 10. 71. Bi. 

283. Bismuth is obtained from its ore by a very simple 
process. Its melting point is so low, that all that is necessa- 
ry is to heat it to about two and a half times the tempera- 
ture of boiling water, on an inclined plane, when the bis- 
muth melts and flows off below, while the other metals or 
ores with the gang, remain behind unmelted. It is found* 
native, and also in combination 
with oxygen, arsenic, and sulphur. mm^f^ 

Native bismuth is found at Mon- 
roe, Conn. It is brittle, but may 
be somewhat extended by careful 
hammering. Its color is reddish 
tin-white, and its lustre moderate. 
It melts at 482°, and ciystalizes in 
cubes. The crystalization of a 
mass of this metal (Fig. 87.) is 
very peculiar, and resenables very much a work of art. As 
it solidifies from fusion, it expands at least ^j part. 

Nitric acid, somewhat dilute, dissolves bismuth freely. 
If a plate of pure bismuth is immersed in a solution of 
caustic potash 1 part, water 5 or 6 parts, and is connected 
with the positive pole of a galvanic battery (two pairs of 
Grove's,) of which the negative pole is platinum, uie bis- 
muth becomes successively yellow, red, violet, blue, green, 
and then again colorless, after which, the same series of col- 
ors is reproduced, though less strongly. By interrupting the 
current at the proper time, any color of the series may be 
fixed. When heated in the air till it boils, bismuth bums with 
a faint bluish-white flame, and the vapor condenses on colder 
bodies, forming oxide of bismuth. Fuming nitric acid pro- 
duces deflagration with melted bismuth, and heats bismuth 
powder to redness. With other metals, bismuth forms alloys, 
which melt at a very low temperature. An alloy of equal 
parts of bismuth, lead, and zinc, is so fusible that it may 
he melted in moderately hot water. An alloy of bis- 
^^^K lead, and tin, is made into spoons, which, when dipped 

for rtKfr . .*"*^® the sp. gr., com. num , and sym. of bismuth. State the process 

ot^g "rJJ*»"g.bismuth. How does this metal occur ? Explain Fig. 87. What 

P'^perties of bismuth are mentioned ? What is saia of the allojrs of bis- 
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\ 

into hot tea, melt in the cup ; yet the melting points of the 
constituents of this alloy are comparatively high, that of 
bismuth being 476°, that of lead 612*^, and that of tin 442°, 
while the alloy melts at the heat of boiling water, or 212°. 
This fusible metal has lately been obtained in crystals, 
showing that it is a true chemical compound. An alloy of 
this kind is sometimes employed as a safety plate in steam 
boilers. This is melted when the steam, by too great tension 
within the boiler, increases in heat, and an escape being thus 
afforded to the steam, an explosion is avoided. As these 
alloys in their melted state do not bum wood, they are also 
well adapted for making metallic copies of engraved wooden 
moulds ior calico printing, and block impressions. 

Bismuth is detected by the decomposition of its nitrate 
by water. When a solution of nitrate of bismuth is poured 
into a large quantity of water, it is immediately decomposed 
with the production of a copious white precipitate of subni* 
trate of bismuth. This is owing to the superior basic power 
of the water which takes a part of the nitric acid. 

Copper, 9. 32. Cu. 

284. Copper is found in the United States, in masses of 
immense magnitude. One mass from Lake Superior, 
weighed over 3000 pounds. It is distin^ished from all the 
other metals, except titanium, by its red color. It receives 
a considerable lustre in polishing. It is both malleable and 
ductile, and at the same time very strong and tenacious, so 
that it may be hammered out into plates, which, even when 
very thin, still hold firmly together. It has a slightly nau- 
seous taste, and emits a disagreeable smell when rubbed. 
The use of copper for galvanic purposes, as in telegraph 
wire, and in the construction of the helices for the battery, 
is owing to its great power of conducting electricity, to the 
ease with which it is bent and wound, and to the fact that it 
is less liable to rust than iron. In dry air, copper undergoes 
no change, but by a moist air, it becomes covered with a 
strongly adherent green crust, consisting, in a great measure, 
of carbonate. Sheet copper is employed for sheathing 
ships, for roofing towers and other buildings, as it is not so 
liable to rust as iron. Copper plate engravings are preferred 

muth T To what use are these alloys sometimes applied 7 How is bismuth de- 
tected 7 

284. Write the sp. gr., com. num., and sym. of copper. How does.this metal 
occur 1 What are some of its properties i To what is the value of copper for 
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on account of their durability. For the same reason, copper 
is employed for the rollers of print works. It quickly oxi- 
dizes, when heated to redness in the air, and becomes cov- 
ered with a black scale (black oxide). It does not fuse 
below 2200^. It is, therefore, excellently adapted for such 
articles as are to be exposed to a g^eat heat, as for kettles, 
boilers, moulds for casting, &c. 

Dilute sulphuric and hydrochloric acids hardly act on 
copper ; boiling sulphuric acid attacks it with an evolution 
of sulphurous acid (147). Nitric acid even dilute dissolves it 
readily. It is stiffened by hammering and rolling, while 
zinc is rendered malleable by the same process. It is sof- 
tened by heating and plunging into cold water, while iron is 
rendered brittle in the same way. 

285. Copper is hard and elastic, and therefore sonorous. 
Bell-metal is an alloy of about 3 of copper to 1 of tin. Chi- 
nese gong metal is 4 of copper to 1 of tin. Bronze differs 
fVom bell-metal in having less tin. In this the proportion 
varies from ^ to ^^. By the union of copper and zinc,- a 
metal of a great variety of tints and shades of color may be 
produced. Brass consists of 4 of copper to 1 of zinc A 
lighter colored brass is formed of copper 2, zinc 1. Pineh- 
l^ck is made of zinc 1, and copper varying from 4 to 11 or 
12. With this great proportion of copper, its color is al- 
most that of ^old, and it is, therefore, employed in the man- 
ufacture of tnnkets and toys, which are intended to resemble 
gold. Gold and copper form common gold ; silver and cop- 
per, common silver, from which gold and silver articles 
and coins are made. The copper serves to harden the silver 
and gold, and to render articles made of these metals more 
durable. 

286. Protoxide of copper, black oxide, CuO, is the base of 
all the blue and green salts of copper. It is most conve- 
niently prepared, by heating to redness nitrate of copper, 
which suffers complete decomposition, the nitric acid being 
driven off, and the black oxide remaining. 

Black oxide of copper is used in analysis, to determine 
the amount of hydrogen which the substance under exami- 
nation contains. For this purpose, a combustion tube (Fig. 88.) 

^vanjc purposes owing t Whv is sheet copper employed for roofing ? Why- 
is copper used for engravings f What other properties of copper are men- 
tioned ! 

285. What is the composition of bell-metal ?— gong-metal t — ^bronae ? — brass T 
—pinchbeck ? Why are gold and silver alloyed with copper ? 

286. Write the symbol of black oxide of copper. How is this oxide preparsd T 
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isemployed. The y»«- 88. 

oxide is first heat- ^^ 

id Ni 




ed to redness, and ^MiaABMHilHBBHBIpHHBMK^ 
while still hot, in- 
troduced into the tube till this is about two-thirds full, or to 
a. The proper quantity being thus measured, the black ox- 
ide is now turned out of the tube, except a small portion at 
the end, h, and mingled with the substance to be examined. 
The latter should be previously carefully dried. The mix- 
ture is then returned to the tube, and this is filled up to c 
with hlo/ck oxide. From a to c, therefore, is black oxide ; 
from atoh the mixture, and from b to the end of the tube 
is a small portion of black oxide. After the combustion tube 
is thus prepa- 

red, it is placed , *^^®^- 

in the Jumace^ 
(Fig. 89). The 
dark lines, a, &, 
Cj &c are open 
spaces through 

which the air may enter to the fire. Movable partitions are 
represented within the furnace. Between these and the 
end of the furnace, at A, the charcoal is piled up, and the fiare 
kindled. '- When the gas has been expelled from the mixture 
contained in this portion of the tuoe, the partition nearest 
the space, a, is moved along towards B, and the space be- 
tween this and the other partition then filled up with char- 
coaL Finally, this partition (the one nearest the space 
c), is removed, and the fire then travels along through the 
charcoal until it reaches the other partition. In this way, 
the process is continued until the fire gradually passes over 
the entire length of the combustion tube, and the gaseous 
contents are all expelled. This tube is usually wrapped 
with thin sheet brass, to enable it the better to withstand the 
effects of the heat. Of the gases driven off in this process, the 
hydrogen takes oxygen from the black oxide, and forms 
watery vapor. This, on leaving the combustion tube, passes 
through a chloride of calcium tube (236), and is absorbed in 
this tube. The increased weight of the tube produced by 
the absorption of the watery vapor, shows the amount of 
toater which the gas contained, and ^ part of this is, of 
course, the hydrogen derived from the boidy under examina- 
tion. 

Ezplflin Fie. S8 ; — Fig. 89. How is the hydrogen of the substance under e^- 
•mmation determined oy this arrangement ? 

18 
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287. Suboxide cf copper, red oxide, Cu^O, b found nfttilre 
in beautiful ioctahedral crystals. It 19 also formed wbeo 
copper is oxraized by beat» and is the red slag which forms 
during the calcination and fosion of copper. This oxide 
communicates to glass a splendid ruby-rea color, while thA 
protoxide of copper produces green, 

d88. Suiphate rf copper, Uue vitriol, CuO, SO,+^Ha 
TUs salt erystalixes in large, beautiful, blue rhombs, whi<^ 
/are soluble in 4 parts of cold, and 2 of boiling water. It 
loses its water bv a gentle heat, and falls to a white powder. 
It is much used m dy Wkr. With ammonia it forms a dark 
blue crystaline compound. 

289. Nitrate of copper, CuO, NO5+3HO, ia made by 
dissolving copper in nitric acid to saturation. It forms deep 
blue crystals, very soluble and deliquescent. It is highly 
corrosive. 

Ammonia detects the smallest traces of copper in solution, 
by the deep violet-blue of the ammoniacal salt of copper 
which is formed. Iron precipitates it from its solution, as a 
brilliant red coating. A knife blade is a test for copper, by 
which it is plated when dipped into any <^ the solutions i£ 
that metal. 

Lead, 11. 104. Pb. 

290. Next to iron, lead is the most widely difiused and the 
cheapest metal. It has been known from the earliest ages 
of the world. In this country it is found in immense quan- 
tities, occurring in numerous states, particularly in that of 
sulphuret of lead or galena. The lead region extends from 
Wisconsin in the north, to the Red river of Arkansas in the 
south, and in breadth about 150 miles. Lead is reduced in 
the same manner as other ores, first by roasting the ore to 
drive off the sulphur, and thus to convert the sulphuret into 
an oxide. This is then heated with a limited amount of fuel 
in a flame or blast furnace. The ignited charcoal takes the 
oxygen of the oxide of lead to form carbonic acid, which flies 
off and reduces the metal. 

A second mode of reducing lead from the sulphuret, con- 
sists in heating the ore with a metal which has a greater 

287. Write the symbol of the suboxide of copper, fai what form does this ox- 
ide occur ? How is it formed t To what use is it applied ! 

288. Write the symbol of sulphate of copper. What is said of this salt 7 

289. Write the symbol of nitrate of copper. State some of its properties. 
What tests of copper are mentioned T 

290. Write the sp. gr., com. num., and synH. of lead. What is said of the 
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affinity for fiulplittr than lead has, and therefore replacea the 
lead. When iron ia used for this purpose, the iron and sul- 
phuret of lead become lead and sulphuret of iron. 

Lead is a soft, bluish-white metal, possessing very little 
elasticity. It has a perceptible taste, and a peculiar smell 
when rubbed. It is flexiole, and may be easily rolled out 
into plates, and drawn into coarse wire, but this has exceed** 
ingly little strength. It melts at 610^ or a little above, and, 
at a white heat, boils and volatilizes. By slow cooling, it may 
be obtained in octahedral crystals, in the air it oxidizes 
rapidly, forming a coat of oxide or carbonate, which protects 
it from further corrosion. When melted it rapidly combines 
with oxygen froni the air, forming either the protoxide or 
the red oxide, according to the heat. At a moderate heat* 
lead may be mixed with gold or silver, but when the heat is 
increased, the lead rises to the surface combined with all the 
heterogeneous matters. Upon this property of lead is found* 
ed the art of refining the precious metakk 

Lead does not easily dissolve in dilute acids, except in 
nitric ; with this acid it forms a soluble salt, and when heated 
with strong sulphuric acidt it dissolves^ forming a nearly in* 
soluble sulphate of lead. 

291. Prvtoxide ^ lead, Utkarge, mauioot, PbO. This 
oxide is a yoUo^ powder, formed by slowly oxidizing lead 
with heat. It is sliehtly soluble in water, and the solution is 
alkaline. At a red neat it melts, and tends to crystalize on 
cooling. In a melted state it attacks and dissolves siliceous 
matter with astonishing facility, often penetrating a crucible 
in a fow minutes. It is therefore used in glazing pottery, 
and in the manufacture of glass. When heated with or- 
ganic substances it is easily reduced, the hydrogen and car- 
bon of which take its oxygen to form water and carbonic 
acid. 

Red oxide rf lead, red lead, Pbs04, is a common pigment 
formed by exposing melted lead to a temperature of 600^ or 
700^. It is a brilliant red and extremely heavy powder, 
decomposed with evolution of oxygen by strong heat. Its 
composition, therefore, varies with the heat at which it is 
prepared. It is preferred to litharge in glass making, and is 
commonly used as a red coloring matter. 

abundance and the forms in which lead occurs. How is lead reduced from its 
ore 7 What is the aecond method t State some of the pro|)erties of lead. 

291. Write the symbol of the protoxide of lead. What is said of this oxide 
of lead ? For what purposes is it used t Write the symbol of the red oxide of 
lead. What is said of this oxide ! 
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292. Carbonate if lead, white lead, PbO, CO,, is some- 
times found beautifully crystalized in long white needles, 
accompanying other metallic ores. It is manufactured to an 
immense extent for the use of the painter. There are three 
processes in all of which the acetate of lead is first formed, 
which is afterwards decomposed by carbonic acid. In the 
first, called the French procettj carbonic acid is conducted 
into a solution of basic* acetate of lead. The exeete of 
base in this salt of lead, is precipitated by carbonic acid as 
carbonate of lead or white lead. The acetate of lead thus 
rendered neutral, will dissolve a fresh quantity of oxide of 
lead, with which it is digested, and it is afterwards again 
treated with carbonic acid. This process is repeated until a 
large quantity of white lead is formed from a small quantity 
of the acetate. As thus obtained, the carbonate of lead has 
a dazzling white color, but does not/possess the body of white 
lead prepared by the English and Dutch methods. 

In the English method, oxide of lead (litharge) is mixed 
with vinegar (acetic acid), to form a paste of acetate of lead^ 
This is then spread upon a stone slab, and exposed to the 
fiimes of bummg coke, the carbonic acid of vmch reduces 
the basic acetate to the neutral salt, as in the previous case, 
and precipitates the excess of lead as carbonate of lead. 

By the Dutch method, a large number of jars containing 
vinegar are arranged in a building on a layer of stable ma- 
nure or tan, and rolls of sheet lead are suspended in the jars 
above the vinegar. The whole is then covered with another 
layer of stable manure. After several months, the rolls of 
lead are found to be mostly, if not entirely, converted into 
carbonate of lead. The design of the tan or manure is to 
produce a high temperature by fermentation, and to furnish 
carbonic acid to the lead to form carbonate of lead. This 
heat causes the vinegar to rise in vapor, and attack the lead, 
fiormin^ basic acetate of lead, which is decomposed by the 
carbonic acid given off in fermentation, and reduced again 
to the neutral acetate. This a second time attacks the lead, 
and thus the process is continued as before. 

293. Pure water readily attacks lead, and converts it into 
ahydrated oxide; but spring water, by the action of the sul- 
phates which it almost always contains, forms a coating of 

* Acetate of lead with an excess of base, or excess of lead. 

292. Write the symbol of cariionate of lead. How is this substance found ? 
Describe the French process for making white lead. What is said of the lead 
prepared in this way 7 Describe the English method ;— the Dutch. 
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insoluble sulphate of lead on the surface, wbich preyents the 
lead from further action. It is on this account that leaden 
cisterns are, in most cases, used with impunity for holding 
water. If the water were pure, it would be speedily con- 
taminated with lead, and tne cistern soon destroyed. Lead 
tubes for domestic purposes, are unsafe, unless it has been 

5 roved by experiment, that the particular water in question 
oes not act on lead. Pipes coated with tin are now made, 
which obviate all danger trom this source. 

Lead is cast in sheets by letting it run out of a horizontal 
slit in a box which is drawn along the table. The Chinese 
cast it extremely thin in this way, on cloth, for lining chests o£ 
tea. A small portion of tin is added to the lead used for this 
purpose ; the thinnest sheets contain the most tin, and are 
usea for enclodng the best teas. Lead is also rolled out tot 
the proper degree of thinness. The melted lead is often 
poured on a flat stone, and another flat stone brought down 
suddenly upon it, by which it is pressed out into a min sheet. 
The edges are then trimmed, and the sheets soldered together 
for use. 

An alloy of lead 2, and tin 1, constitutes pluTnbers* solder ; 
these proportions reversed, give a more fusible compound 
caWedfine solder. The lead employed in the manuucture 
of shot, is combined with a little arsenic, which has the efiect 
to render the drops more perfectly globular. 

The test for lead is sulphuric acid. Into a wine glass, 
half full of water, drop a single drop of sulphuric acid, and 
add a little nitrate of lead. This small quantity of sulphuric 
acid, will form a white precipitate of the insoluble sulphate. 

Mercurit, 13.5. 100. Hg.* ' 

294. Mercury is the only metal which is liquid at the ordi- 
nary temperature. It is occasionally met with in globules 
disseminated through the native sulphuret. It is sometimes 
also seen running in small streams at the bottom of the mines. 
The sulphuret, sometimes called cinnabart is found in consid- 
erable quantity in several localities, chiefly in Spain and 

*Latiii, hydrargyrum, 

293. What is the effect of pare water upon lead ! — spring water! Why are 
leaden cisterns in most cases used with impunity to hold water ' What is said 
of lead tubes for domestic purposes ! How is lead cast into sheets ? State the 
constituents of plambers' solder; — fine solder ;~shot. What is the test for 
lead! 

894. Write the sp. gr, com. num , and sym. of mfrcyiy. What is said of 
18» 
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Camiola. From this ore mercury is obtained by heating it 
in an iron retort with lime or with scraps of iron^ which toke 
away the sulphur, or by roasting it in a furnace from which 
its fumes are conducted into a large chamber, where thej 
are condensed into metallic mercury and sulphurous acid. 
Mercury is imported into this country in bottles of ham- 
mered iron, containing 60 or 70 pounds each, and in a state 
of considerable purity. When purchased in smaller quanti- 
ties, it is sometimes adulterated with tin and lead, which 
metals it dissolves to some extent, without much loss of fluid- 
ity. This admixture may be known by the foul surface the 
mercury exhibits when shaken in a bottle containing air, and 
by the globules leaving a train when made to roll upon a 
table. 

I Pure mercury is a brilliant metal, of a color nearly silver- 
white, unchanged by air. It solidifies at — lO^* and in this 
state it is soft and malleable, and may be cut with a knife like 
gold, silver, and platinum, which are all very soft when pure. 
At 662^ it boils, and yieldi9 a transparent, colorless vapor, of 
great density. This vapor condenses on cold surfaces, ia 
minute, brilliant globules. Even at 60<^, a very rare vapor 
of metallic mercury rises from its surface. When kept in 
vessels to which air has free access, at a temperature near its 
boiling point, or above 600^, it gradually becomes converted 
into a deep-red, crystaline substance, which is the peroxide 
or red-oxide of mercury. At a dull red heat this oxide is 
again decomposed into its constituents. 

Hydrochloric acid has little or no action on mercury ; the 
same is true of dilute sulphuric acid, but concentrated sul- 
phuric acid, when boiling hot, oxidizes mercury, converting 
iC into a sulphate of the red oxido with the evolution of sul- 
phurous acid. Nitric acid, even dilute and cold, dissolves 
mercury freely. 

295. Protoxide cf mercury ^ red oxide, HgO, is prepared in 
the large way, by beating the nitrate very cautiously, until it 
is quite decomposed, and a brilliant red, crystaline^ powder 
left. It may also be formed by heating metallic mercury for 
along time in a glass vessel nearly closed. It is slightly sol- 
uble in water, and its solution has an alkaline reaction and 
metallic taste. It is highly poisonous. 

this metal ? What is the most common ore of mercunr 1 Where is this found t 
How is metallic mercury obtained from cinnabar % Mention some of the prop- 
erties of mercury. What is said of the action of acids on mercury ? 

295. Write the symbol of the protoxide of mercury. How is this substance 
prepared! State its properties. 
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': 296. Suhchhrid^ of mercury, caZome?, He^j^^ ^ always 
pi:^uced when chlorine comes in contact with mercury at 
common temperatures. It is sometimes, though rarely, 
fyund native, forming horn quicknlvert so called from its 
appearance. From the perchloride (297.) it is distinguished 
by its insolubility, and by its forming a Mtick compound with 
ammonia, while the perchloride forms a white compound.' 
At a temperature below redness, it rises in vapor and sub- 
limes, formine a yellowish-white, crystaline mass. Like 
the chloride of silver (304.), it is insoluble in cold and dilute, 
bat soluble in strong and boiling hot nitric acid. 

297. Perchloride of mercury, corrosive sublimate, HgCl. 
When metallic mercury is heated in chlorine, it takes fire 
and bums, producing this substance. It may also be made 
by dissolving the red oxide in hot hydrochloric acid, when 
crystals of corrosive sublimate separate on cooling. The 
most common method is to sublime a mixture of equal parts 
of sulphate of mercury and common salt. 

The sublimed chloride is a white, transparent, crystaline 
mass of great density. It melts at 509^, and boils and vola- 
tilizes at a somewhat higher temperature. It is soluble in 
16 parts of cold and 3 of boiling water, and crystalizes very 
beautifully, from a hot solution, in long white prisms. Alco- 
hol and ether dissolve it with facility ; the latter even with- 
draws it from a watery solution. Chloride of mercury com- 
bines with a great number of other metallic chlorides, forming 
a series of beautiful double salts. It absorbs ammoniactu 
gas with great avidity. The aqueous solution is decompo* 
sed by light, losing part of its chlorine, and being converted 
from HgCI, to HgaCl (calomel). Many animal and vegeta- 
ble substances convert corrosive sublimate into calomel. 
Some substances affect this change slowly, while others, and 
especially albumen (white of eggs, &c.), produce it in an in- 
stant. Hence the solution of the white of eggs is an antidote 
to this poison. 

Like most poisonous substances, corrosive sublimate pos- 
sesses antiseptic properties in a high degree. For this rea- 



296. Write the symbol of the sobchloride of mercury. How is this substance 
produced ! How is it distinguished from the perchloride ! State some of its 
properties. 

S^. Write the symbol of the perchloride of mercury. How does this sym- 
bol differ from that of the last substance ? How is the perchloride of mercury 
formed ? Mention some of its properties. What is the antidote for corrosive 
sublimate ? How does albumen render this substance harmless { What other 
properties of corrosire sublimate are mentioned ? , 
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8on wood employed in ship building and sieepexti for rail- 
roads, are sometimes saturated with a solution of it in water. 
This process is called kyanizing. The plants of herbariumst 
and small animals, may be preserved by being passed 
through an alcoholic solution of corrosive sublimate. 

298. Iodide of mercury^ Hgl. When a solution of iodide 
' of potassium is mixed with perchloride of mercury, a pre* 

cipitate falls, which is at first yellow, but in a few moments 
changes to a most brilliant scarlet, and retains this color on 
drying. This is the neutral iodide of mercury. When sud- 
denly exposed to a high temperature, iodide of mercury 
becomes bright yellow throughout, and sublimes in minute 
but brilliant yellow crystals. If touched with a hard body 
in this state, it instantly becomes red, and the same change 
happens spontaneously after some time. By a very slow 
and careful heating, a sublimate of red crystals of a totally 
different form is obtained, which are permanent. The same 
change happens with the freshly precipitated iodide ; the yel* 
low crystals at first formed, break up and disappear as the 
^ salt passes to its red modification. 

299. Sulphuret uf mercury, vermiUion, ciimahar, HgS, is 
formed by passing sulphuretted hydrogen through a solution 
of corrosive sublimate. The black precipitate which is 
formed, is sublimed, and becomes dark red and crystaline, 
but undergoes no change of composition. This substiance is 
most easily produced by subliming an intimate mixture of 6 
mercury and I sulphur, and reducing to a very fine powder 
the resulting cinnabar; the beauty of the tint depends very 
much upon the extent to which the division is earned. 

This is the most common ore of the quicksilver mines. 
When heated in the air it yields metallic mercury and sul^ 

{)hurous acid. It resists the action of caustic alkalies in so* 
ution, and is not acted on by strong mineral acids. It is at* 
tacked only by aqua-regia. 

300. The different salts of mercury have a great variety 
of colors, according to the amount of oxygen which they con- 
tain. Nitric acid, for example, without heat dissolves mer- 
cury forming a protoxide (a protonitrate) ; with heat it forms 
a peroxide (pernitrate) ; if ammonia be added to the first 
solution, a black precipitate is formed; but with the second a 

;* ?„^* ^"'1 the symbol of the iodide of mercuiy. State the procesa by which 

^§ Trfw K.^^^H^'I ^^'^^ <^f its properties, 
its properties ^^ of sulphuret of mercury. How is it prepared ? Slate 

300. What is said of the different salts of mercury T What is the action of 
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white precipitate occurs. Chr ornate of Trier cury^ formed by 
adding chromate of potash to nitrate of mercury, has a fine 
crimson color. Mercury unites with most of the other met- 
als, the tenacity of which, and in most cases the value, is de- 
stroyed by the compound. All the salts of mercury volatilize 
and decompose at a temperature of ignition. If a piece of 
cinnabar is placed in a tube, and a bright slip of copper also 
inserted, on heating the cinnabar the mercury will sublime 
and attach itself to the copper. Those salts of mercury 
which fail to yield the metal by simple heating, may in all 
cases be made to do so bv adding a little dry carbonate of 
soda. A drop of any solution of mercury will coat a polished 
surface of gold with a white amalgam, the instant that the 
point of a knife is introduced into the solution. The sduhle 
compounds of mercury also whiten a slip of copper by de- 
positing metallic mercury on its surface. An ore of mercu- 
ry may be easily detected by crushing it and throwing some 
of the powder on a hotplate of iron, or on a hot brick cover- 
ed with iron filings, and mverting over it a glass of any kiiid. 
If any mercury is contained in the mineral, it will rise and 
attach itself in small globules to the sides of the glass. 

Silver, 10.5. 108. Ag.* 

301. The mines of Mexico and the southern Andes, fur- 
nish by far the greater part of the silver of commerce. Many 
mines of this metal are, however, found in Spain, Saxony, 
and the Hartz mountains. Galena (290.), is also a constant 
source of silver, and is rarely quite free from this precious 
metal. Silver often occurs native, and also in combination 
with sulphur. 

Silver has the clearest white of all the metals, and is capa- 
ble of receiving a lustre surpassed only by polished steel. 
In malleability and ductility it is inferior only to gold. When 

Si^re it is very soft, so that it may be cut with a knife. It 
oes not rust when exposed to air or moisture ; sea air, how- 
ever, corrodes it on account of the salt which it contains. It 
is, probably, the best conductor of heat and electricity known. 
Pure silver melts at 1873° or at a bright red heat. When 

*Latin, argentum, 

heat on the salts of mercury ? By what experiment may thitf be illustrated ! 
What is sometimes added to these salts to reduce the metal I What other tests 
of mercury are mentioned ? 

301. Write the sp. gr., com. num., and sym. of silver. Whence is most of 
the silver of commerce obtained ? What other sources of silver are mention* 
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tnelted it abecnrbs oxygen in considerable quantity, amount* 
ing sometimes to 23 times its volume. In becommg solid, it 
parts with the whole of this oxygen, and this produces the 
granular appearance of silver when hastily cooled. This 
effect is entirely prevented by a small percentage of copper. 
At a high heat silver bums with vivid scmtillations of a green^ 
ish-white color. Tarnished silver is produced by the action 
of sulphuretted hydrogen, as this metal has a great attraction 
for sulphur, which it takes from the sulphuretted hydrogen, 
forming sulphuret of silver. When heated with funble 
siliceous matter, as glass, &c., silver oxidizes and stains die 
glass yellow or orange. This is owing to the formation of a 
yellow silicate of silver within the glass. 

The only pure acids that act on silver are sulphuric and 
nitric, and by sulphuric acid it is not attacked until heat ia 
applied. Nitric acid is the proper solvent of silver, and its 
solution furnishes tabular crystals of nitrate of silver. If an j 
gold is contained in the silver, it is left undissolved as a 
brown powder. If, however, the gold exists in a greater 
proportion than ^ or ^, it protects the silver from the action 
of the nitric acid* Hence, it is impossible to reduce by ni« 
trie acid an alloy containing this amount of gold. A mix- 
ture of 8 sulphuric acid and 1 nitrei, will dissolve silver when 
alloyed with or covering copper, without dissolving the cop- 
per. Hence, this mixture is used to remove the silver from 
old plated ware and from silver coins. 

For coinage, and other economical uses, it is necessary to 
alloy silver with about ^ copper, to render it sufficiently 
stiff and hard. To determine the proportion of pure silver, 
the coin may be dissolved in nitric acid, and muriatic acid or 
a solution of common salt added, which precipitates chloride 
of silver. This precipitate is so bulky and insoluble in water 
as to impart a cloudiness to a solution of silver diluted a 
million fold. The amount of precipitate formed will depend 
upon the amount of silver which the solution contains, and 
will therefore determine its proportion. As in this experi- 
ment hydrochloric acid or chloride of sodium is used to test 
for silver, so nitrate of silver (302.) is often used in testing 



ed ! Mention some of the properties of this metal. What is the cause of the 
granular appearance of silver when hastily cooled ! How is the tarnishing of 
silver generally produced ! What color does oxide of silver give to glass ! 
When gold and silver are alloyed, by what acid may they be separated t What 
is the effect of a large proportion of gold in this alloy ^ What mixture is used 
to dissolve silver when alloyed with or covering copper ? What metal is alloyed 
with silver in coinage t How may the proportion of pure silver in coin be de- 
termined f What salt of silver is used as a test for chlorine ? By what experi- 
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for chlorine in water. This may be illustrated by adding a 
little salt (chloride of sodium) to a glass of water. When 
the salt is dissolved, add a little nitrate of silver, and a white 
cloudy precipitate of chloride of silver is instantly formed. 
Every hundred grains of this precipitate indicate 42 grains 
of common ^alt. Silver is obtained from one of its ores, the 
sulphuret, on the same principle. This ore is first converted 
into a chloride of silver, and then reduced from this state to 
metallic silver. The process is as follows. Common salt is 
added to the ore, and the whole roasted in a furnace. By this 
means the sulphur is expelled, and the chloride of sodium 
unites with the silver, forming chlwide rfrilver. This is then 
put into barrels which revolve on an axis ; water is added 
with oxide of iron and metallic antimony. The whole is 
agitated for sometime, during which the iron takes the chlo- 
rine from the chloride of silver, and reduces the metal A 
certain proportion of mercury is then introduced and agita- 
ted with the reduced silver. This the mercury dissolves out 
together with the G;old, if there be any, metallic copper, and 
other substances, forming a fluid amalgam easily separable 
from the thin mud of earthy matter by subsidence and wash- 
ing. This amalgam is strained through a strong linen cloth, 
and the solid portion exposed to beat, by which the remaining 
mercury is volatilized and the silver is left behind in an impure 
condition. It is afterwards rendered pure by various pro- 
cesses according to the nature of the substances it is supposed 
to contain. 

A different process is usually employed to obtain silver 
from g^ena. The process employed in this case is called 
cupdlation. The galena is pulverized and placed with a 
certain quantity of metallic lead on 
a little thick cuj) or cupel, a, Fig. 90. 5 *^' ^* 
This cupel, which is made of bone- 
ashes, is placed in a muffle, h, and 
the whole is exposed to high heat 
and a current of air, which oxidizes the lead. This is ab- 
sorbed by the cupel, and carries down with it the other im- 
purities leaving the silver in a brilliant metallic button. The 
mstant the whole of the lead is absorbed, the bilver becomes 
excessively brilliant. This peculiar effect is called fidgwror 
tum^ and only takes place the instant the metal has become 
pure. 

ment is this illustrated T Explain the process by which silver is obtained fcom 
the sulphuret of silver. Explain Fig. 90. How is cupellation performed on a 
large scale ? 
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When this process is to be performed on a large scakf 
the galena is reduced, by roasting and smelting with char- 
coal, to metallic lead, in which the silver also is contained. 
This mass is then put into a kind of reverberatory furnace, 
called the TtfLninghtariht which is hollowed out like a kettle. 
On this hearth it is heated for a day, while a constant current 
of air is passed over the metal, until all the lead is at last 
converted into oxide. This oxide melts in the heat, and 
partly flows off as litharge through a tube, and partly soaks 
into the porous mixture of clay and lime which has been 
firmly beaten down on the hearth of the furnace. The sil- 
ver remains behind in the metallic state. This is rendered 
still purer by a second heating in clay-basins (smaller cupels), 
whicn absorb the remainder of the litharg^. If other met- 
als are present in the silver ore, they are likewise oxidized 
and carried down into the cupel by the litharge. 

Many of the copper ares also contain silver. These ores 
are calcined and mixed with a large proportion of lead and 
then fused and run into moulds. In this form they are called 
liquation cakes. These are placed with layers of charcoal 
upon an inclined hearth. When the coal is ignited the heat 
is sufficient to melt the lead but not the copper ; the lead, there- 
fore, flows off, and carries with it the silver, while the copper 
remains behind. This mixture of lead and silver is conveited 
into metallic silver and oxide of lead by cupellation. ^ This 
process, as well as the last, is much facilitated by the fact 
that the alloy of silver and lead is more fusible than pure 
lead. By cooling, therefore, the latter separates from the 
melted alloy, which is then drawn off. This small portion is 
cupelled, while the great bulk of the lead is removed for its 
ordinary uses. 

302. Nitrate of silver^ AgO, NO5, crystalizes in colorless, 
transparent, anhydrous tables, which are soluble in an equal 
weight of cold and in half their weight of boiling water. 
They are soluble also in alcohol. Nitrate of silver blackens 
when exposed to the light, more readily if organic matter be 
present. It is, therefore, frequently employed to dye the 
hair black, and also bones and ivory, as in chess-men and 
similar articles, to which it communicates an indelible stain. 
It also enters into the composition of indelible ink. The 
linen to be marked is previously prepared by an application 
of solution of carbonate of soda and starch or gum. Let- 

302. Write the ftymbol of nitrate of silver. What is said of the crystals of 
this salt ? Mention some of the properties of nitrate of silver. State some of 
the uses to which this salt is applied. 
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ters are then formed from a solution of 2 drachms of nitrate 
of silver in an ounce of water, aud India ink sufficient to 
ive it the rieht color. These letters when dry are indelible, 
'his stain is probably metallic silver, which in a state of 
minute subdivision is black. It may possibly be the subox* 
ide. When ivory is silvered, it is immersed in a dilute solu- 
tion of nitrate of silver, and left till it has become yellow. 
It is then taken out and put into a glass of distilled water, 
and exposed for a short time to the direct rays of the sun. 
It soon becomes intensely black. It is now taken out of the 
water and wiped dry. Finally* it is rubbed with leather. 
The silver is now on the ivory in a metallic state, and may 
be polished. White marble is figured on the same principle. 
The surface of the marble is covered with a veiy thin coat- 
ing of wax. Through this waxen ground figures or wri- 
ting are made, and when the marble is made bare in these 
Hnes, it is painted over with a camePs-hair brush dipped in 
nitrate ot silver. It is afterwards exposed to a strong sun- 
light, which decomposes the nitrate of silver, and produces a 
black stain on the marble wherever the salt touches. If two 
or three coatings of silver have been thus applied, the redu- 
ced silver will take a fine polish. The waxen ground is 
afterwards dissolved off by spirits of turpentine. 

303. Daguerreotype plates are copper plates, one surface 
of which is coated with silver. Oxide of silver is precipita- 
ted from a solution of the nitrate by potash. This precipitate 
is then filtered, washed, and dried, and finally dissolved in 
ammonia. In the solution thus prepared the copper plate is 
immersed, after being on one side varnished or otherwise 
protected. The other side becomes coated with the oxide of 
silver precipitated from the ammoniacal solution. It is then 
removed from the solution and the ammonia allowed to evap- 
orate. When quite dry, the plate is held over a charcoal fire 
by the heat from which the oxide of silver is decomposed,* and 
the metal reduced on the copper in the form of a complete 
coating. This may be made beautifully blight by polishing 
with leather and polishing powder, and the plates prepared in 
this way afford the best suifaces for Daguerreotype pictures. 

Clock-faces and barometer plates are silvered in a similar 

*Tbe oxides of the following metals sre also reduced by heat ; gold, mercury, 
silver, platinum, palladium, iridium, and rhodium. Hence, these are called 
nchlt metidst as tney are less easily oxidized than the other metals, and mor« 
easily restored to their metallic state. For this reason, these metals are often 
classified together. 

303. How are daguerreotype plates piepared ? How are clock-faces and ba- 

19 
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manner. The mixture for this purpose oonsisu of moriate 
of silrer (304.) and moistened cream of tartar. This is ruh- 
hed over the plate unril it has acquired a complete coat of 
silver. The cream of tartar ^acid tartrate of potash) cleans 
and hrightens the surface, and thus prepares it for receiving 
the silver. The plate is frequently heated and immersed in 
distilled water, to wash off the superfluous saline matter. 

A tilver tree (see Fig. 86.) may oe made hy pouring into a 
glass globe or decanter, ^ oz. of nitrate of sihner dissolved in 
about^a pint of distilled water. Add ^ oz. of mercury, and in a 
short time the silver will be precipitated in the most beauti- 
ful arborescent form, which is therefore called Arbor DumtB^ 
or Tree of Diana, In this case, the nitric acid of the nitrate 
of silver has a greater affinity for the mercury than it has 
for the silver ; it therefore deposits the silver and dissolves 
the mercury. If upon a plate of polished copper, several 
drops of nitrate of silver be let fall, in a short time a very 
beautiful precipitate of metallic silver will take place in the 
arborescent form. 

The solid nitrate of silver is melted and cast into sticks or 
quills. In this form it is called Iwior cauitic, and is used in 
surgery as a caustic. 

304. Chiorid^ cf nlver, AgOl. The method by which 
this salt is prepar^ has already been mentioned (301.). It 
is quite insoluble in water and nitric acid, and but slightly 
dissolved by a large quantity of hydrochloric acid. When 
heated it melts, and on cooling becomes a grayish, crystaline 
mass, which cuts like bom ; hence, when found native, this 
is called ham-sUver (296.). It may be reduced by fusion 
with twice its weight of carbonate of soda or potash. It is 
decomposed by light, both in the dry and wet state ; very 
slowljr if pure, and quickly, if organic matter be present. 
Also in water with metallic zinc or iron it is reduced, especi- 
ally if sulphuric acid be added to generate hydrogen. It is 
soluble with great ease in ammonia. The artificial yellow 
diamond is made by coloring tchite paste (see experiments 
on silica), with the chloride of silver, and exposing ^e 
whole to a furnace heat. 

305. Amnumiuret of 9Uver,Julminating silifer, is a terribly 
explosive compound. It explodes by the heat of the hand, 
by the touch of a tube, and sometimes by a feather. It even 
^ - ....■■ 

rometera silvered t How nay a silvar trea be made t la what fonn ia ititrate 
of siWeruaed in medicine I 

904. Write the symbol of ehknide of aiWer. Mention aome of the piopeities 
ofthiaaalt. What color doeathiaaobetMicetnpait to glaaa! 
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explodes sometimes under the fluid in which it is fonnedt 
and of course, vrhile stiU wet. It is formed by adding to a 
solution of nitrate of silver a solution of pure lime, as long 
as a preoipitate of the oxide of silver occurs. The liquid is 
then filtered off, and the precipitate washed with warm wa* 
ter. The powder thus formed is put into a warm place 
upon pap^, that it may be well dried, and when dry, it is put 
into a wide mouthed phial, containing pure liquid ammonia. 
The phial is then corked and allowed to remain a whole day, 
or until the powder becomes black. By this process the 
powder becomes explosive. The liquid is then poured off 
and the phial left open in a place where the heat is not 
greater than 80^ or 100^. When dry this powder should 
remain undisturbed in the phial, as the least friction will 
cause the whole mass to explode. A watch crystal would 
answer better for drying &e fulminating powder, both on 
account of the wide surface exposed, and the greater ease 
with which the powder may be removed when dry. Less 
injury is done if an explosion occurs. 

A similar fulminating powder of gold and platinum may 
be formed (316 and 3^2.) The violent and sudden decom- 
position of these bodies is owing to the feeble attraction 
which exists between the constituents of the substance, viz : 
between the oxide of the metal and the ammonia, while the 
affinity of the oxygen of the oxide and the hydrogen of the 
ammonia is very powerful In the explosion, therefore, the 
metal is reduced, water formed, and nitrogen evolved. 

306. ChrotmUe of silver is a beautiful carmine color, 
produced by precipitation from nitrate of silver by chromate 
of potash. If the chromic acid of the chromate of potash 
is not in excess, the color of the chromate of silver will be 
red. l£ the precipitate is formed while the liquids are hot, it 
will be reddish-brown. 

307. Soluble salts of silver are easily known from the 
white, curdy, precipitate of chloride of silver, which darkens 
by ex{>osure to light, and is insoluble in hot nitric acid. This 
precipitate is produced by the addition of a soluble chloride 
of any other base. The chloride of lead, and the proto- 
chloride of mercury, are precipitated in a similar way, but 
the latter is easily determined by the tests for mercury, and 

305. What it said of fulminating silver 7 How is it prepared 7 To what if 
the violent and sudden explosion of the fulminates owing 7 

306. What is said of the chromate of silver ! 

307. Mention some of the tests for silver. How do the metals of this group 
differ from tboae of the preceding groups 7 How do the oxides and aulpunreta- 
of these netala diflfer from those of the aexl group! 
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chloride of lead is soluble to a great extent in boilings water. 
Solutions of silver are reduced to the metallic state by iron, 
copper, mercury, and other metals. 

The three last metals of this group, palladium, rhodium, 
and osmium, are usually found associated with platinum, 
which they also very closely resemble in their properties. 
They will, therefore, be considered in connection with that 
metal under the next group. 



GROUP SIXTH. 

Tin, 7. 59. Sm* 

308. Tin is one of the few metals which were known in 
the most ancient times. As its ores are often found in the 
sand by which the soil is covered, it was, therefore, easily 
obtained. It is also a metal easily smelted. Formerly it 
was procured principally from the British Islands, and even 
now these islands, with Malacca, in the East Indies, furnish 
the purest tin. 

The properties which especially characterize tin, and ren* 
der it a valuable metal, are, its beautiful lustre, its great 
soilness and flexibility, its slight affinity for oxygen, in conse- 
quence of which it long retams its brightness in air and wa- 
ter,! its easy fusibility (melting point, 442°.) which renders 
it peculiarly well adapted for casting and for coating other 
metals. It is very malleable, and hence it is beaten out into 
tin-foil. Spurious silver-leaf is made of an alloy of tin and 
zinc, which is hammered out into extremely thin leaves. 
When bent, tin emits a peculiar crackling sound, which is 
called the "cry of tin." When heated above its melting 
point, it oxidizes rapidly, and becomes converted into a 
whitish powder used in the arts for polishing, under the name 
of putty powder. The common putty used for setting glass, 
is a compound of carbonate of lime and linseed oil. Tin is 

*Latin, stannvm. 

tThis metal, with antimony, arsenic, and chromium, are often arranged into 
a class next to the noble metals, as their oxides easily lose their oxygen, or 
form weak bases or acids. 

308. Write the sp. gr., com. num., and sym. df I in. What is said of this metal f 
Mention some of its properties. State the process by which this metal is ob- 
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(ily attacked by hydroefaloric acid with the evolution of fay* 
droffen, and with nitric acid the action is very energetic, pro- 
ducing a white hydrate of the peroxide. It is one of the oest 
conductors of heat and electricity. 

In reducing tin from its ore« this is first broken down and 
roasted, to drive off arsenic and to oxidize the iron which it 
usually contains. It is then washed or elutriated with water, 
by which process the lighter particles of stone, and to a great 
extent also, the oxide of iron, are washed away. Finally, it 
is fused with charcoal in a blast-furnace, and carbonic oxide 
and metallic tin are obtained ; the latter flows off below. 
Some lead is added to tin for common tin-plate, because 
pure tin is somewhat brittle and does not adapt itself well to 
the moulds. In many countries the quantity of lead to be 
added is regulated bv law (^ to ^). An alloy of this kind is 
called prot^'tint to distinguish it from grain-tin, which is tin 
in its greatest purity. 

Tin plate may be beautifully crystalized by heating the 

Elate tm the tin is melted, plunging it while hot in water, and 
nally rubbing it alternately with paper balls, one moistened 
with dilute aqua-regia, and another with caustic potassa. 
Both these liquids dissolve the coating of oxide, and lay 
bare the pure metallic tin surface. 

Speculum-^neta!, a brilliant, almost white, excessively brit- 
tle alloy, consists of tin 2, copper 5 parts. When hardened 
by the admixture of antimony, &;c., tin forms pewter. Tin 
plate is sheet iron coated with tin, and copper vessels are often 
coated with tin on the interior surface to prevent the corro- 
sion of vegetable acids. The use of tin m hell-metal (285.) 
is to render the copper more fluid, and to cause it to assume 
more perfectly the impression of the mould, as well as to 
render it more sonorous. Mosaic gold (aurum musivuro), 
consists of sulphuret of tin 2, and sal ammoniac 1 part. The 
sulphuret of tin for this purpose, is formed by combining 
white oxide of tin with sulphur. Mosaic gold is used by 
artists to give a beautiful color to bronze. 

Tin is not so poisonous as lead or copper, but it is still in- 
jurious to health. Acid food and drinks should not be al- 
lowed to stand for any considerable length of time in tin or 
in tinned vessels. 

The tests for tin are muriate of gold, which produces a 

tained fxom its ore. How niHy tin-plate be crystalized ! What is the compo# 
sition of speculum metal !— pewter T— tin plate ? For what purpose is tin used 
in hetl meul? State the composition of mosaic gold. What effects are pro- 
duced by tin on the system ! Memion the teats for tin. 

19* ^ y 
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purple precipitate, muriate of platina an orange, fenrooj- 
anate of potash white, corrosive sublimate blac^ a plate of 
lead which precipitates metallic tin. 

ANTiMOurr, 7. 65. Sb.* 

309. This metal is derived chiefly from its native sulpha- 
ret, which is a rather abundant mineral. The ore is freed 
from earthy impurities by fusion, and is afterwards decom- 
posed by heating with metallic iron or carbonate of potash, 
which retains the sulphur. On cooling, the heavy metallic 
antimony settles to the bottom. 

Antimony has a lamellar, crystaline texture, and tin-white 
color, like bismuth, but without its red tint. It has a high 
lustre. It is not very hard, but exceedingly brittle and 
easily reduced to powder. It fuses at 810°. Out of con- 
tact of air it volatilizes only at very elevated temperatures, 
but in a current of air much less heat is required. In a 
current of hydrogen ssa it may be distilled at a white heat, 
but when covered with a flux, it does not lose more than j^^s^ 
of its weight at the strongest white heat. It is not oxidized 
by the air at common temperatures, but when heated to a 
white heat in a covered crucible, and then suddenly exposed 
to the air, it inflames and burns with a white light. The 
oxide produced during this combustion, is often deposited in 
beautiful crystals, in the form of small shining needles, of sil- 
very whiteness. By hot hydrochloric acid antimony is dis- 
solved with evolution of hydrogen, and chloride of antimony 
is formed. Nitric acid oxidizes it to an insoluble white anti- 
monic acid. 

Antimony forms brittle alloys with some of the malleable 
metals. When gold is alloyed with ^ of antimony, the 
compound is brittle. Even the fumes of antimony in the 
vicinity of gold render it brittle. The most important of 
the alloys of antimony is t^pe-metal. This is composed of 
antimony 1, lead 8 to 16, and a small addition of copper. 
Lead alone is much too soft; to be employed for this purpose, 
but alloyed with antimony it acquires such a degree of hard- 
ness, that types cast from it may be used for printing many 
thousand times without losing their distinctness. Types 
have, in some instances, been in constant use for half a cen- 

* Latin, stibium, 

5K)9. Write the sp. gr., com. num., and sym. of antimony. What is the prin- 
cipal source of this metal t Mention some of its properties ? What is said of 
the alloys of antimony ! State the composition of type-metal. — white-metal. 
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tnry without being worn out. Type-metal expands in the 
act of solidifying, and therefore takes an accurate impression 
of the mould. When copper is not added, the alloy of anti- 
mony and lead is brittle, and on plates of this alloy music is 
engraved. White-meicU spoons are formed of tin 100, anti- 
mony 8, bismuth 2, and copper 2. 

Oxide of antimony, SbOs, is a pale buff-colored powder, 
fusible at a red heat, and volatile m a close vessel. In con- 
tact with air at a high temperature, it absorbs oxygen and 
becomes converted into antimonious acid. 

Stdphuret of antimony, crude antimony, SbSg, is a lead- 
gray, brittle substance, having a radiated crystaline texture. 
It melts even in the flame of a candle, and hence, may be 
easily obtained from the various rocks with which it is asso- 
ciated. On solidifying after fusion, it becomes filled with 
cracks, owing to its great contraction. At a strong red heat 
it boils, and may be distilled without decomposition if the 
air be excluded. It is sometimes prepared by precipitating 
a solution of tartar emetic (tartrate of antimony and potash,) 
with sulphuretted hydrogen. In this case, a sulphuret of 
potash is also formed, which being soluble, remains in the 
solution, while the sulphuret of antimony, being insoluble, is 
precipitated. As thus prepared, the sulphuret of antimony 
has an orange color, which grows darker on drying. It is 
also prepared by melting together antimony and sulphur. 
Mixed with nitre, &c., it is easily burnt, and gives a bright 
white or bluish-white flame. It is, therefore, much used in 
pyrotechnic compositions. 

The soluble compounds of antimony are hostile to life, and 
the stomach exerts itself to remove all such compounds in- 
troduced into it. This is effected by vomiting, and for its 
use in producing, this action of the stomach, Antimony has 
become an important medicine. 

The tests for antimony are sulphuretted hydrogen, which 
gives an orange precipitate, and a plate of iron which pre- 
cipitates metallic antimony in the form of a black powder. 

Arsenic, 6. 75. As. 

310. Metallic arsenic is found native in thick crusts called 
testaceous arsenic, evidently deposited from sublimation. 

Write the symbol of oxide of antimony. State some of its properties. Write 
the symbol of sulphuret of antimony. Mention its properties. What is its 
color when precipitated from solution of tartar emetic by sulphuietted hydrogen t 
For what purpose is it sometimes employed T What are the relations of anti- 
mony to medicine 7 Mention the tests for antimony. 



920 BJUBMtNTf OP CHllUSTinr. 

Most of this molal, however, m derived from roaadng the 
natural arBeniaret of iron, nickel, and cobalt. The yapora 
of arBeniooa acid (311.) given out, are condensed in a long 
and neariy horisontal i^imney, or in a kind of tower of 
brick-work, divided into numeroufl chamberB. The crude 
arsenious acid tbua produced, is purified by sublimation, and 
then heated with charcoal in a retort The charcoal absorbs 
the oxygen of the acid, and reduces metallic arsenic which 
sublimes. 

Arsenic is a soft, brittle, exceedingly poisonous metal. Its 
color is tin-white, inclining to a steel-gray. It has a high 
metallic lustre, and is easily crystaltzed. When heated it 
volatilizes without fusion, and, if air be present, oxidizes to 
arsenious acid. This vapor has the smell of garlic Arsenic 
combines with the metals in the same manner as sulphur and 
phosphorus, which it resembles, especially the latter, hi 
many respects. The combustion of arsenic may be per- 
formed by throwing a few grains in powder into a red hot 
crucible. It bursts into a flame of a bright blue color, and 
continues to burn until completely consumed or volatilized. 

311. Arseniaui acid, white oxide of anenie^ AsOa. As 
commonly obtained, this is a white, glassy-looking substance 
in brittle masses, with a conchoidal fracture, and shows 
marks of fusion. When freshly prepared it is transparent, 
but by keeping, it becomes opaque, at the same time slightly 
diminishing in density, and acquiring a greater degree of 
solubility m water. 100 parts of water at 212^ dissolve 
about 11.5 parts of the opaque variety ; the larger portion 
separates on cooling, leaving about 3 parts dissolved. Cold 
water agitated witb arsenious acid takes up a still smaller 
quantity. Alkalies dissolve this substance freely, forming 
arsenites which do not crystalize. Hydrochloric acid also 
readily dissolves it. 

Arsenious acid sublimes at 380°, and crystalizes on cooling 
in brilliant, transparent octahedrons, which are very charac- 
teristic They may be formed for experiment by heating a 
small quantity in a glass tube. Its vapor is colorless and 
inodorous, but, if sublimed from charcoal, it gives the pecu- 
liar garlic odor of metallic arsenic, for the charcoal takes 
away the oxygen and reduces the arsenic to the metallic 

310. Write the sp. gr, com. num., and sym. of arsenic. How does this metal 
occur ? How this is metal usually obuined ? Mention some of its properties. 

311. Write the symbol of aiseniou-s acid. What are the properties of this 
substance ? \A» hat is the best antidote for arsenious acid ? In what state is this 
remedy most eflfective ? How does the red-oxide of iron destroy the |>oisonous 
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State. It is almost tasteless with a faint sweetish flavoTy 
which with its color renders it the more dangerous. Most 
of the metallic poisons give warning by their peculiar taste, 
but the appearance and taste of arsenious acid is that of a 
harmless substance. The best antidote for this poison is 
the hydrate of the red oxide of iron. This remedy is most 
active when recently prepared and in a gelatinous condition. 
It forms an insoluble arseniate of the protoxide of iron. Like 
most other poisonous substances, arsenious acid possesses 
remarkable antiseptic properties. For this reason the bodies 
of those who have been poisoned by it are oflen preserved. 
In natural history it may be used for the same purposes as 
corrosive sublimate (297.) 

To determine in supposed cases of poisoning, one of the 
best methods is that called Marshes test. Introduce into a 
small flask (Fig. 91.) some pieces of zinc and dilute sulphu- 
ric acid. Hydrogen will be formed, which 
will escape through the bent tube c. After ^^' 

some time, if the jet of hydrogen be lighted, 
and a porcelain capsule held over the ex- 
tremity of the flame, drops of pure water 
will collect on the bottom of the capsule. In 
this case the capsule is not discolored. If now 
a piece of wood dipped in any arsenical solu- 
tion, so that only a httle of the solution shall 
remain adhering to the wood, be introduced into the flask, 
the flame, after the gas has been rekindled, will present a 
bluish-white appearance, and toill deposit on the porcelain 
capsule a smooth blank or brown spot (mirror of arsenic.) 
This spot is metallic arsenic. The arsenic introduced within 
the flask combines with hydrogen, forming arseniuretted Ay- 
drogen, which escapes and burns. When this flame is cooled 
by the porcelain capsule, the metallic arsenic will not bum 
at the low temperature thus produced, and is, therefore, 
deposited on the capsule. Ai*seniuretted hvdrogen is a most 
poisonous gas. Its fumes should therefore be avoided, as, in 
several instances, experimenters have lost their lives by 
this gas. 

In cases of poisoning, the stomach and its contents are 
divided into small pieces, and the organic matter destroyed 
by adding hydrochloric acid and chlorate of potash, or by 
heating with sulphuric or strong nitric acid, till the mass 

fioperties of arsenic ! What use is sometimes mode of arsenic ! Explain 
'ig. 9 1 . What process is followed in cases of poisoning to detect arsenic t 
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begins to char, and tken draining with water, and filtering 
the Bolution. The liquor thus obtained is subjected to 
Marsh's test. If a black spot is produced, this will indicate 
arsenic in considerable quantity, If no spot on the porce* 
lain is produced, the tube is then ignited oy a spirit-lamp at 
the point c, and a black ring will be formed on the tube a 
little beyond this point, if arsenic be present. A black spot 
will also be produced if antimony is present in the solution, 
but the latter will remain unchanged when a solution o£ 
chloride of lime is applied, while the arsenical spots will be 
dissolved. The bent tube should be made of hard flnaSf 
without lead, in order to bear the heat required in this ez< 
periment. 

312. Arsenic aeid^ A8O5, ^ formed by dissolvin|| pow- 
dered arsenious acid in hot hydrochloric acid. Nitnc acid 
is added to peroxidize the solution as long as red vapors are 
produced. The whole is then cautiously evaporated to oom« 
plete dryness. 

The acid thus produced is white and anhydrous. It melts 
at a low red heat, and after fusion it is colorless, trani^^ 
rent, and glassy. If too strongly heated, it is white and 
opaque. When put into water it slowly and completely 
dissolves, givinff a highly acid solution, which deposits on 
evaporation hydrated crystals of arsenic acid. When strong* 
ly heated, it is decomposed into arsenious acid and oxygen 
gas. It is excessively poisonous. 

313. There are two principal sulphurett ^arsenic: Real* 
gar^ AsS,, occurs native, and is formed artificially by heat^ 
ing arsenious acid with a minimum of sulphur. It has a 
splendid red color, is fusible and volatile, and is employed 
by the pyrotechnist in making vfhite fire. Orpiment, AsS,, 
is also a natural product, and is made by fusing arsenious 
acid with an excess of sulphur, and by precipitation with 
sulphuretted hydrogen from a solution of the acid. It is a 
golden-yellow crystaline substance, fusible and volatile by 
heat. In acid solutions of arsenic, sulphuretted hydrogen 
produces a splendid yellow precipitate of sulpharsenioua 
acid. Heat promotes the separation of this precipitate. 

312. Write the eomposition of arsenic aeid. How is this substance foimed | 
Mention some of its properties. 

313. Write the composition of realgar. How is it prepared! What are its 
properties ? Write the composition of orpiment. How is this substance pro* 
cured ? State its properties. 
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Gold, 19-5. 99. Au» 

314. Gold, in small quantities, is a very diffused metal; 
traces of it are constantly found in the iron pyrites of the 
most ancient rocks. It is always met with in the metallic 
state, sometimes beautifully crystalized in the cubic form, 
associated with quartz, oxide of iron, and other substances, 
in regular mineral veins. The sands of various rivers have 
long furnished gold, derived from the crumbling down of 
rock. Some crystals of native gold from Calitomia, are 
represented in the accompanying figures. In Figs. 93 and 
94, is also seen the native gold attached to the crystals. 

Fig. 92. Fig. 93. Fig. 94. 
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in the form in which usually occurs. Gold ore is crushed 
and shaken in a suitable apparatus, with water and mer- 
cury ; the mercury forms an amalgam with the gold, which 
is separated and afterwards exposed to heat, by which the 
mercury is distilled, and pure gold left behind. 

To obtain gold from its alloy of silver and copper, it is 
boiled with concentrated sulphuric acid, which dissolves the 
silver and copper, and leaves the gold as a brown powder. 
The gold being separated, the silver is afterwards obtained 
from the acid solution by adding more copper. The greater 
affinity of the acid for the copper causes it, when saturated 
with this metal, to leave the silver, which is therefore precipi- 
tated. Copper alone remains in the solution, which is poured 
off and evaporated to form sulphate of copper or blue vit- 
rioL 

Pure gold is obtained by solution in aqua-regia and pre- 
cipitation by a salt of the protoxide of iron, which takes the 

* Latin, tammu 

314. Write the sp. gr., com. num., and tym. of gold. What is said of this 
metal ! How is gold obtained \ How is it obtained in a pure state ! 
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oxygen from the solution of gold, and reduces tbe gold to the 
metallic state. The gold falls down in brown powder, and 
acquires the metallic lustre by friction. 

315. From all other metals gold is distinguished by its 
yellow color, and its extreme permanence in air and fire. Even 
sea-water, which corrodes silver, has no action on gold. 
Hence, mirrors for light-houses are often coated with a thin 
film of gold to protect them from the action of the sea-air. 
Gold is distinguished also by its great malleability, which is 
such that gold leaf not more than wj^^j of an inch may be 
beaten out, and a single ?rain of gold may be extended over 
156 sq. in. of surface. So great is its ductility, that a grain 
of gold may be drawn out into 500 feet of wire, and one 
ounce of gold may be extended 300 miles. Its density is also 
more than twice that of iron or copper, and nearly twice 
that of lead. Tbe acids separately ao not attack gold, bat 
aqua-reg^a dissolves it readuy. In this case the active agent 
is chlorine, which exists in a free state in this acid mixture. 
Solutions of gold are decomposed by hydrogen and sulphu- 
rous acid gas. These gases take the oxygen from the oxide 
of gold in solution, and liberate the gold in the metallic state. 
There are two oxides of gold, both of which refuse to unite 
with acids. With chlorine, iodine, sulphur, &c., gold forms 
two compounds corresponding to those with oxygen. The 
affinity oi gold for oxygen is so weak that solutions of the 
oxide are decomposed even by light. 

Gold melts at 2016°, and, when in fusion, appears of a 
bright green color. This color is nearly the same that it 
has when a thin leaf of gold is held up to the light, or when 
an electrical spark is passed over a strip of gold leaf in a 
dark room. When intensely ignited by electricity or the 
oxy-hydrogen blowpipe, gold bums with a greenish-blue 
flame. 

316. Ammoniuret of gold, fulminating gold, is prepared 
by adding ammonia to a concentrated solution of chloride of 
gold, diluted with about three parts of water. A yellowish 
brown precipitate is formed, which is collected upon a filter, 
and carefully dried at the temperature of boiling water. This 
when dry explodes with terrible violence, but it requires a 
higher heat (120** to 300^), or a greater degree of friction 
than fulminating silver. If placed upon a piece of sheet 
copper, and held over a lamp, it will soon explode, and the 

315. How is it distinguished from all the other metals? What other properties 
of gold ai e mentioned ? What is said of the compounds of gold ? « 
3J 6. How is fulminating gold prepared t What are its properties t 
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copper, if not torn, is always indented. Fulminating gold 
consists of 5 peroxide of gold and 1 ammonia. 

317. Gilding on copper, is performed by dipping the arti- 
cle into a solution of nitrate of mercury, and then rubbing it 
with a soft amalgam of gold and mercury. It is then heated 
to expel the mercury, and burnished. Gilding on steel is 
done either by applying a solution of perchloiide of gold in 
ether, or by roughening the surface of the metal, heating it, 
and applying gold leaf with a burnisher. Gilding on wood, Sfc*, 
is done by painting the design to be gilded with varnish, and 
then applymff gold leaf. After the varnish is dry, the gold 
leaf is rubbed off, except where it was made to adhere by the 
varnish. Gilding by the galvanic process (p. 58,) is now rap- 
idly superseding many of the other processes. Gold wash is 
a mixture of the oxide of gold with carbonate of soda or 
potash in excess. Articles cleansed with nitric acid are 
lx>iled in this wash, and thus become perfectly covered with 
a thin film of gold. 

The most simple mode of testing gold, is to rub some of it 
off upon a black-flint slate (touch-stone), and apply to the 
mark nitric acid. If the gold is pure, the yellow streak re- 
mains unchanged ; but if alloyed, it partly disappears ; if only 
an imitation of gold, it dissolves entirely. The presence of 
gold in solution may be known by the brown precipitate of 
metallic gold with protosulphate of iron, which is fusible 
before the blowpipe into a bead. When added to a solution 
of protochloride of tin, a purple precipitate is formed, which 
is a mixture of peroxide of tin and metallic gold (p. 217). 

Platinum, 21.5. 99. Pt. 

318. Crude platinum, a native alloy of platinum, palla- 
dium, rhodium, and a little iron, occurs in small grains and 
rolled in masses, sometimes of considerable size. It is 
found on the slope of the Ural mountains, in Russia, mixed 
with gravel and transported minerals. It ajso occurs in 
Ceylon, in California^ and a few other places. It has never 
been seen in place (in the rock, or in the vein), but the rock 
to which it belongs is supposed to be serpentine. 

Platinum is a white metal, between tin and steel in color, 
and inferior to silver in lustre. When pure, it is a soft metal, 

317. State the process for gilding on copper ;-— on steel ;— on wood. What 
process is now generally preferred in gilding? State the composition and 
mode of using gold wash. Mention some of the tests of gold. 

318. Write the sp. gr., com. num , and sym. of platinum. How does tbie 

20 
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but ufiually, owing to impurity, it is quite hard. A very little 
rhodium or iridium (325, 326.) renders it more gray in color, 
and much harder. It is exceedingly malleable and ductile 
(p. 146») both hot and cold. It is very infusible, melting only 
by the oxy-hydrogen blowpipe or the galvanic battery. Like 
iron* it admits of being weUled at a high temperature, and in 
this way it is made into chemical vessels. It dissolves in aqua* 
regia, and superficially oxidizes with fused hydrate of potash, 
and the potash enters into combination with the oxide thus 
formed. All the easilyjunble metaU combine with platinum, 
and the alloys which they form are quite fusible and easily 
attacked by acids ; hence platinum vessels are ruined when 
these alloys are formed. Neither these metals nor their 
ores should be melted in platinum vessels. These vessels 
also should never be exposed to the action of chlorine, or 
its compounds, especially when chlorine is disengaged in 
its nascent state. It is in this state that chlorine renders 
aqua-regia a solvent for ^old and platinum. 

319. Jrlatinum is obtained pure by digesting crude plati- 
num in aqua-reg^a, and adding to the deep brown liquid a 
solution of chloride of ammonium. This throws down an 
orange colored precipitate, which is a double chloride of 
platinum and ammonium. When heated, the chloride of 
ammonium is driven off, and also the chlorine of the chloride 
of platinum, and the platinum reduced to the metallic form. 
In this state it is a dull brown mass called spongy platinum, 
or platinum sponge. This is condensed in steel moulds with 
heat and pressure to the metallic state, and when compact 
enough to near the blows of a hammer, is heated and forged 
into a bar, which can afterwards be rolled into plates or 
drawn into wire at pleasure. 

Platinum sponge has the power of absorbing several of 
the gases, and when suspended in a jar of oxygen and hy- 
drogen, it causes the immediate union of the two gases (Fig. 
40.) Ajet of hydrogen falling upon spongy platinum, will 
by its rapid combination with the oxygen of the air, ignite 
the platinum, and afterwards take fire. In the same man- 
ner, clean slips of platinum foil, and even gold and palladium 
will produce the union of oxygen and hydrogen. If into a 
dry phial of oxygen gas a piece of platinum sponge be 

metal occur ? Mention some of its properties. What class of metals combine 
with platinum 1 

319. How is platinum obtained pure ? What is platinum sponge ? How are 
bars of pure platinum m'ade! Mention some of the properties of platinum 
sponge ;— platinum foil ;— red hot platinum. By what experiment is this prop- 
cry of platinum illtistrated ! 
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dropped, and the phial be stopped and set aside for several 
da^^s, the platinum sponge will absorb the oxygen, as may 
be shown by unstopping the phial beneath water, when the 
water will rush up into the phial and quite fill it. Platinum 
sponge will absorb 100 times its bulk of oxygen. 

Red hot platinum also decomposes oils, spirits, &c. For 
this reason a coil of platinum is used in die safety lamp 
(181.) If a coU of platinum be suspended, while red hot» 
in a wine glass containing a little alcohol or ether, it will 
continue to glow, from the action of the vapor which arises 
from the alcohol or ether. The action is so energetic that 
frequently the vapor is set on fire. The same experiment 
may be tried over the wick of a spirit lamp. The lamp 
should be lighted at first, and blown out when the coil of 
platinum is ignited. The coil will continue to glow, after the 
lamp is extinguished, until the whole of the alcohol is ex- 
hausted. 

320. Platinum black is another form of platinum, possess- 
ing similar properties to spongy platinum) but in a higher 
degree. When the galvanic current is passed through a 
weak solution of chloride of platinum, a black powder of 
platinum appears at the negative pole. The silver plates in 
Smee's battery (p. 59,) are platinized in this way. 

321. Bichloride of pleUinum, PlClj, is always formed when 
platinum is dissolved in aqua-regia. The acid solution yields 
on evaporation to dryness, a red or brown residue, deliques- 
cent and very soluble in both water and alcohol. The 
aqueous solution has a pure orange yellow tint. Bichloride 
of platinum combines to form double salts with a great va- 
riety of metallic chlorides. 

322. Ammoniuret of plaHnum, fulminating platinum, is 
prepared in the same manner as fulminating gold, and pos- 
sesses similar properties. If 2 or 3 grains of either of these ful- 
minating powders be placed upon a cold fire shovel, and the 
shovel be gradually heated over a slow fire, when the fulmi- 
nating powder arrives at about 400° of temperature, a most 
violent explosion will take place. This experiment should 
be performed in the open air, as the sudden concussion given 
to tbe air is very likely to throw down and destroy every- 

320. What is platinum black ? In what gaWanic battery are the plates pU* 
tinized ? 

321 . Write the composition of bichloride of platinum. How is this substance 
prepared ? What are its properties ! 

3*^. How is fulminating platinum prepared I State the properties of this 
substance. 
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thing standing around. The person performing the experi- 
ment should retire to some distance after placing the shovel 
on the fire. 

323. Platinum is invaluable to the chemist for crucibles 
and other vessels exposed to a high heat, or to the action of 
acids. Large retorts or boilers are made of it, for the use 
of manufacturers of sulphuric acid» vtrhich sometimes hold 
sixty or seventy gallons. In Russia it has been employed in 
coinage, for which it is well suited by its great density and 
hardness. Its value is intermediate between that of gold and 
silver. 

The tests for platinum are the chlorides of potassium and 
ammonium. These produce yellow crystaline precipitates, 
which are insoluble in acids, but soluble in an excess of the 
precipitanU upon the application of heat. 

Palladium, 12. 53. Pd. 

324. This very rare metal is usually found associated with 
platinum. It is also found alloyed with gold and silver in 
Brazil. It very closely corresponds with platinum in color, 
appearance, and difficult fusibility. It is also very malleable 
and ductile. It is a grayish-white metal, fusible by the oxy- 
hydrogen blowpipe. In density it differs very much from 
platinum, being only a little heavier than lead. It is also 
more oxidable than platinum. At a red heat it gains a blue 
tarnish like steel, which is again reduced at a white heat. 
In hardness, it is equal to fine steel, and it retains its elasticity 
and stiffness at a red heat. It suffers no change by exposure 
to the air. Its proper solvent is aqua-regia, but it is slowly 
attacked by nitric acid. 

The test for palladium is iodideofpotassium, which throws 
down a dark brown precipitate. 

Khodium, 11. 52. R. 

325. Rhodium is a reddish metal, somewhat ductile and 
extremely hard. When reduced to powder and heated in 
the air, it becomes oxidized. This takes place to a greater 
extent when it is fused with nitrate or bisulphate of potash. 

323. What are some of the uses of platinum ? — its tests ? 

324. Write the sp. gr., com. num , and sym. of palladium. How does this 
metal occur ? What are its properties ? What is the test for palladium ? 

325. Write the sp. ^r, com. num , and sym. of rhodium. How may this 
metal be obtained from its alloy with platinum \ State its properties. 
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In the latter case, sulphurous acid is evolved, and a double 
sulphate of peroxide of rhodium and potassa formed, which 
dissolves readily in hot water, and yields a yellow solution* 
The presence of rhodium in the alloy of platinum, &c., may 
be in this manner detected, and, by repeated fusion, a per- 
fect separation accomplished. In its pure state, rhodium is 
not attacked by any of the acids ; but if alloyed with other 
metals, as with platinum, copper, or lead, it is dissolved by 
aqua-regia. An alloy of steel, with a small quantity of rho- 
dium, is said to possess exceedingly valuable properties. 

Iridium, 16. 99. Ir. 

326. When obtained pure and fused, iridium is a brittle, 
very hard, somewhat ductile metal, of pale antimonial white- 
ness, and having the fracture of cast iron. It is the most 
infusible of all the metals, being fused with great difficulty 
before -the oxy-hydrogen blowpipe. It is not attacked by 
any acid, but is oxidized by fusion with nitre, and by igni- 
tion in the air. It is apt to fall to powder when burnished, 
but with care it may be polished, and then resembles pla- 
tinum. The chief use of iridium is in pointing gold pens, for 
which purpose it is adapted by its hardness. 

Osmium, 10. 100. Os. 

327. In the most compact state in which this metal can 
be obtained, it has a bluish-white color, and, although some- 
what flexible in thin plates, it is easily reduced to powder. 
It is neither fusible, nor volatile. When heated to redness 
it burns, yielding osmic acid which volatilizes. Osmiate of 
potash is produced when the metal is fused with nitre. In a 
finely divided state it is readily oxidized and dissolved by 
strong nitric acid. 

328. In the list of metals now described, many have been 
omitted which it would have been desirable to describe in a 
larger work. On the other hand, several have been intro- 
duced, not so much on account of their own importance, as 
from their peculiar and very remarkable properties, and 

326. Write the sp. gr., com. num., and sym. of iridium. What are the proper- 
ties of this metal ! 

327. Write the sp. gr., com. num., and sym. of osmium. State the proper- 
ties of osmium. 
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tbeir iqtimate connection with other metals of the first im- 
portance. 

The following table includes a list of all the metals, with 
their specific gravities, combining numbers, and symbols, so 
far as these have been determined : 



3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



Mftab. 


S'ag 


Com.Bnn. 


Sjnn. 


Potassium, 


39 20 


K. 


Sodiam« 


0972 


22-98 


Na. 


AmmomumX?) 


18-06 


NH4. 


Lithiom, 




643 


U. 


Barium, 


400 


68 67 


Ba. 


Strontiom, 


2+ 


43*84 


Sr. 


Calcium, 


24- 


20-00 


Ca. 


Magnesium, 


1-87 


12-10 


"A 




2-60 


13-68 


Glucinum, 




6-97 


Gl. 


Zirconium, 




33 60 


Zr. 


Thorium, 




59-51 


Th 


Yttrium, 




33-20 


Yt. 


Erbium, 






Er 


Teriiium, 






Tr. 


Cerimn, 




47-26 


Ce. 






47-04 


La. 


Didymium, 




49 60 


Di. 


Manganese, 


705 


27 57 


Mn. 


Iron, 


7-80 


28-00 


Fe. 


Uhromiom, 


590 


26 24 


Cr. 


Cobalt. 


860 


29-52 


Co. 


Nickel, 


8*J!79 


29-57 


Ni. 


Zinc, 


686 


32 53 


Zn. 


Cadmium, 


8-604 


55-74 


Cd. 



26. Tin, 

27. Titanium, 
2& Lead, 

29. Bismuth, 

30. Antimony, 

31. Uranium, 

32. Tungsten, 

33. Molybdenui 

34. Vanadium, 

35. Copper, 

36. Mercury, 

37. Silver, 

38. Gold, 

39. Platinum, 

40. Osmium, 

41. Iridium, 

42. Palladium, 

43. Rhodium, 

44. Ruthenium, 

45. Arsenic, * 

46. Silicium,(?) 

47. Niobium, 

48. Pelopium, 

49. Tellurium, 

50. TanuHum, 



7-2fe 


58 82 


Sm 


5-28 


25-17 


Ti. 


11-445 


103-56 


Pb. 


980 


10640 


Bi. 


6702 


64 52 


Sb. 




6000 


u. 


17-60 


9?-00 


w. 


n, 8-615 


4712 


Mo. 




68-46 


V. 


8-895 


31-65 


Cu. 


13-596 


10000 


Hg. 


10474 


108-00 


Ag. 


19-258 


98-22 


aS. 


21 alMUt 


96 56 


Pt. 


10 about 


99 53 


Os. 


15-683 


98-66 


Ir. 


11-30 


53-22 


Pd. 


10-64 


5217 


Rh. 


8-60 


51-68 


Ru. 


5-75 

) 


7500 


As. 


6-20 


64-25 


Te. 




184 90 


Ta. 



328. What is the heaviest metal in this table? What is the lightest T Write 
the sp. gr., com. num., and sym. of those metals which have been described in 
this work. 



PART III. 

ORGANIC CHEMISTRY. 

329. This branch of chemistry has all the interest and 
novelty of another science. An agent hitherto not consid- 
ered, the principle of life, controls or modifies to snch a de- 
gree the laws, properties, and forms of matter, that the lat- 
ter is the mere instrument of life, or the matenal out of 
which life produces its grand results. Among the effects of 
this new agent, are the following : 

1. The products of life are remarkable for the. great va- 
riety of compounds which a few elements produce,^ Carbon, 
hydrogen, oxygen, and nitrogen, are both the foundation 
and the superstructure of this department of chemistry. 
With these are occasionally associated phosphorus and sul- 
phur. From these few elements, changes and compounds 
without number are produced by the principle of life. 

2. Organic substances are also remarkable^br the complex- 
ity of their structure. The bodies hitherto described in inor- 
ganic chemistry, have been invariably made up of elements 
or pairs of elements. This system, called the hinartf^ system^ 
may be illustrated by the following example : 

CrysUlized Alam. 



I abcde | 

Alum. Water. 

I , l_ 

I »bcd I 1 e ^1 

Sulphftte of Alumiiuu Sulphmte of Potaili. Uydrofeiu Oxygen. 

I JTb j I 51 I 

AlamiiuL Sulphuric Acid. - Potash, Sulphuric Acid. 

I I I !_ 

Ja| |b| |c| |d| 

AInminium. Oxygen. Sulphur. Oxygen. PotaMium, Oxygen. Sulphur. Oxygen. 

"FiyepairSj a, 5, c, d, and e, make up the compound a&cJe or 
ciystalized alum. These pairs also unite with each other in 

^Latin hia, twice. 

329. What is said of organic chemistry ? What new principle is here found % 
What are the effects of this principle on matter ? For what are the products of 
life remarkable 1 What four satMtances compose, for the most part, origanic 
bodies t What other bodies are sometimes associated with these ! in what 
other respect are organic substances remarkable t £xplain the diagram. What 
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Bucb a manner as to preserve tbrough every grade of com- 
bination the relation of ttoo bodies, or a pair of bodies. Thus 
a and b unite in ab, c and din cd ; ah and cd unite in abcd^ 
and abed with the single pair e in abcde, or ci-ystalized alum. 
The plan on w^hich organic substances are formed is stri- 
kingly different. The combination is not usually by pairs, ' 
but in compounds of three or ftmr elements. These triple 
or quadruple compounds enter into combinations, and pass 
through decompositions, and through all the changes of the 
bodies to which they belong as one, or as simple bodies, and 
are, therefore, called compmind radicals. 

3. Organic bodies covUain within themselves causes for their 
own decomposition. The constituents of inorganic bodies are 
usually united by their most powerful affinities, and, there- 
fore, tnese bodies have considerable permanence. But the 
vital principle unites in organic bodies several elements into 
a compound, for which they have weak affinities, while for 
each other their affinities are powerful. Thus carbon, oxygen, 
hydrogen, and nitrogen, are united in organic bodies in one 
compound, but the separate affinities of oxygen for carbon 
(to form carbonic acia), oxygen for hydrogen (to form wa- 
ter), nitrogen and hydrogen (to form ammonia), are more 
powerful than those which these bodies possess for the gen- 
eral compound, or for the organic body. AVhile these oppo- 
sing forces remain exactly balanced, the compound is pre- 
served, but the moment one of them, from some accidental 
cause, acquires a preponderance over the rest, the equilib- 
rium is destroyed, and the compound breaks up into two or 
more bodies of simpler and more permanent constitution. 
Heat produces this result by exalting the attraction of oxygen 
for hydrogen and carbon ; hence almost all organic bodies 
are destroyed by a high temperature. Mere molecular dis- 
turbance will sometimes cause destruction when the instabil- 
ity is very great. 

4. Organicforms are produced by the development of mul- 
titudes of little cells, or membranous bladders^ containing a fluid, 
while inorganic form^ are produced by the laws ofcrystaliza- 
lion. The membrane which constitutes the cell-wall is freely 
permeable by fluids, and, consequently, by the gaseous mat- 
ter contained in those fluids. Food is thus carried to the 
interior of the mass for the nourishment of fresh cellules, 

is the usual method of combination, by which organic bodies are formed ? What 
is meant by a compound radical? What is the third peculiarity of organic bod- 
ies mentioned ? How is this explained ? How are organic bodies generally 
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Fig. 95. 



each produced from a living point or germ within the sub- 
stance of the pre-existing cells. 

The living cell exerts a wonderful influence over chemi- 
cal action. It secretes and prepares its own food, and, in 
one case, decomposes carbonic acid, rejecting the oxygen 
and uniting the carbon to the elements of water ; in another 
case ^i. e. — a cell of a different kind), it produces out of the 
constituents of air the odors of flowers ; in a third case, it 
converts the albumen o/ the blood into milk. Though per- 
forming these various functions, the cell always appears to 
the eye the same. 

Crystaline bodies are, however, found in plants as well as 
in inorganic substances, produced by the spontaneous crys- 
talization of saline substances. This subject has been re- 
cently investigated by Prof. Bailey, who discovered that 
every species of oak, birch, chestnut, poplar, elm, locust, 
and all the common fruit trees, were filled with crystals, 
crowded together in vast numbers. The size 
of these crystals was very small, being seen 
only by a powerful microscope, and measu- 
ring in some cases not more than the x^^ZF 
of an inch in length, but their number was 
so great, that within the compass of a square 
inch of bark, not thicker than a sheet of wri- 
ting paper, more than a million were collect- 
ed together. Sometimes the arrangement of 
these crystals appeared like an elegant piece 
of mosaic work, as represented in Fig. 95, 
which is a section of the bark of a species of 
poplar. The existence of these crystals was 
first discovered by examining the ashes of the oak, and 
they were afterwards found in the ashes of many other 
trees. The delicate crystaline 
structure found in the ashes of 
the maple leaf, is represented in 
Fig, 96. Most of the forest trees, 
not only in our own country, but 
in all parts of the world, are full 
of these crystals, so that they 
may be obtained for examination 
by merely scraping the wood in- 
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developed ! Are crysteline bodies found within plants t Kxplain Figs. 95 and 9& 
What is said of the occurrence of isomeric tx)dies in organic chemistry ! What 
method of investigation ma^ be employed in organic chemistry ? How is organio 
obemistiy divided ? How is vegetable chemistry divided ! 
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to a watcb-glass filled with water, and picking out the woody 
particles, or by preparing the ashes of the wood with Canada 
Dalsam on a slip ot glass. 

5. Isomeric bodies, or bodies differing in properties but ident- 
ical in composition, are of constant occurrence in organic chem- 
istry, 

6. In the study of inorganic bodies, both analysis and 9ynr 
thesis are employed ; but m organic chemistry, analysis alone 
can be usually employed. Could we obtain the power of 
uniting life to matter, we might then build up its compounds 
and imitate its results. But as power to add life to dead 
matter is and must ever be beyond our reach, we can destroy 
but cannot reproduce any of the forms of living matter. By 
breaking down the fabric we can learn the materials of 
which it is composed, but we cannot rear again the edifice. 

These are some of the effects of the agency of life on 
matter, which it is the object of organic chemistry to examine. 
As life is divided into animal and vegetable, so this subject 
includes animal and vegetable chemistry. 

Animal chemistry will be reserved for the close; vegetable 
chemistry will at present occupy our attention, and will be 
considered under two sections, the non-azotized suhstances, or 
those substances which contain no nitrogen, and the azotized^ 
or those bodies of which nitrogen is an element. 



VEGETABLE CHEMISTRY. 
SECTION 1.— NON-AZOTIZED BODIES. 

SECT. 1. 1. THE STARCH GROUP. 

330. Three of the four elements of the organic kingdom 
are contained in this group ; carbon, hydrogen, and oxygen, 
of which hydrogen and oxygen are always in equal propor- 
tions, or in the proportions to form water. 

Starch (dextrine), CijHioOio- 

Cane sugar (crystalized), Ci2Hi,0,i. 

Grape sugar, C12H14O14. 

Milk sugar, CiaHjaOij. 

Grum, CjyHijOii. 

Cellulose, CijHjoOio. 

330. What elements enter into the constitution of the bodies of the starck 
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Starch, or feada, is a body of great interest in many re- 
spects, from its universal occurrence in tbe vegetable king- 
dom, the important offices it there fulfills, and the various 
changes it may be made to undergo. There is scarcely a 
plant or a part of a plant which does not yield more or less 
of this substance. Frequently the quantity is so great that 
it produces in the plant an enormous distention of the cellu- 
lar tissue. Thus the potato is swollen out of all shape or 
regular figure by an accumulation of starch mingled with 
water within the cells. Starch constitutes a very important 
and often a very abundant ingredient in seeds of all kinds. 
The interior of the stems of many palms is often filled with 
loose cellular substance rich in starch. 

If a fresh plant is bruised and macerated in water, and 
the liquid then squeezed out through a linen cloth, a large 
portion of the starch will pass with the juice from the veg- 
etable tissue, and will settle after standing as a mealy mass. 
Potatoes, grain, and many orchidaceous plants, are very rich 
m starch. Starch is a white, pulverulent, opaque powder, 
virhich under a powerful microscope is found y. 

to consist of small, generally regular, grains *^* ' 

or globules. Their appearance within the 
cells of the plant is shown in Fig. 97, which 
represents a section of some of the cells of 
the potato. The starch granules from dif- 
Fig 98. Cerent plants vary both in 

*j^ magnitude and form. Seve- 

^ Ak yal of these forms are exhib- 
V^ ^ w ^^®^ ^^ ^^® accompanying fig- 
ures. Fig. 98, represents potato starch. These 
-, __ granules glisten in the sun ; they are hard to 

^jfA « the touch, and are always of a pulverulent 
©r ^ rather than a concrete character. They are 
egg-shaped grains, with scales overlapping 
Fig. 99. each other, and on one side 

0^, each granule exhibits 2 dark ^^* ^^* 

^ ^ lines, as at a. The granules % 

"^ of wheat (Fig. 99.) are much Q ^^ ^ ^ 

smaller than those of potato 'o^q^^> o 
starch. They are also much /^4foV^° ^ 
harder. The granules of peas (^ ^o^X o^ 
(Fig. 100.) are also much smaller than those • ° 

noup ? In what proportions are the hydrogen and oxygen of these bodies ? 
Write the bodies of this group and their constitution. What is said of starch 7 




S'^^ 
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of tbe potato. Arrowroot is a starcby meal, prepared in the 
East and West Indies, from tbe roots of some marsb plants. 
Its granules are intermediate in size between tbose of wheat 
and tbose of tbe potato. They are transparent when exam- 
ined by tbe microscope, and, therefore, tbey form a powder 
of less brilliant whiteness than that of wheat. 

Sago is prepared by gently heating starch with constant 
agitation, till it dries up into hard, homy, granules. The 
genuine sago comes from India, where the starch for its 
preparation is extracted from tbe pith of many of tbe palm 
trees. Tapioca is prepared ^rom the root of a South Amer- 
ican plant, which is now also cultivated for this purpose in 
the West Indies. This root contains a poisonous juice from 
which it is purified by pressure and heat 

When starch is put mto cold water, and tbe water gently 
heated, its properties are completely altered. At a tempe- 
rature a little below tbe boiling point the granules burst, 
and their contents form with the water a nearly transparent, 
gelatinous mass. This is freely miscible with water, if not 
in fact dissolved in that liquid. Minute shreds of membra- 
nous matter are discovered floating in the liquid, which are 
the envelops of each granule of starch. These give to tbe 
solution a slightly opalescent appearance. The swelling of 
many of our most common articles of food, such as nee, 
barley, beans, peas, &c., when boiled with water, is owing to 
the large amount of starch which tbey contain. 

Starch is insoluble in cold water and in alcohol, and is pre- 
cipitated by many of tbe metallic oxides, as lime, baryta, and 
oxide of lead, and also by a large addition of alcohol. In- 
fusion of galls throws down a copious yellow precipitate 
containing tannic acid (353.), which redissolves when the 
solution is heated. By far the most characteristic reaction, 
however, is that with free iodine, which forms with starch a 
deep indigo-blue compound (iodide of starch), which dis- 
solves in pure water, although it is insoluble in free acid or 
saline matter. Tbe blue liquid loses its color by heat, and 
this loss is permanent if the boiling is long continued. In 
this case tbe iodine is volatilized, and tbe blue compound 
therefore decomposed. If, however, tbe beat be quickly 
withdrawn, before the temperature reaches 212°, the color 
returns, as tbe iodine is, in this case, not entirely volatilized. 

Explain Pigs. 97, 98, 99, and 100. What is the action of hot water on starch { 
Mention some of tbe praperties of starch ;— the principal test. 
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When put in a dry state into iodine, starch acquires a pur- 
plish black color. 

331. Dextrine and grape sugar. Thick gelatinous starch, 
when boiled for a few minutes with dilute acid, changes to a 
fluid as limpid as water. If the acid is neutralized with 
carbonate of lime, and the liquid gently evaporated to dry- 
ness, a substance is obtained having the appearance and 
Qiany of the characters of gum. This substance is called 
dextrine^ or gummy starch. In chemical composition it isprC" 
dsdy the same as starch. If, instead of interrupting the 
ebullition as soon as the mixture of acid and starch has be- 
come clear, we continue it for several hours, adding fi om 
time to time small quantities of water to supply the place of 
that lost by evaporation, and then separate the a<. id, and boil 
down the solution to a small bulk, we obtain a sirupy liquid, 
very sweet to the taste, which (m standing for a few days, 
entirely solidifies to a mass of grape sugar. This product 
exceeds in weight the starch from which it was obtained. 

In the trans&rmation of starch to dextrine, no change of 
composition is produced, and none also in the change of dex- 
trine to grape sugar, except the absorption of the elements 
of water. The acid employed is withdrawn at the end of 
the experiment in its original amount, and nothing is ab- 
sorbed from the air. Starch is also converted into sugar, by 
the action of a peculiar feiment, called diastase, which is 
contained in an infusion of malt. Diastase is also found in 
germinating seeds and buds while developing. It dissolves 
and converts to food the starch which is stored up for the 
nourishment of the young plant. By diastase, gelatinous 
starch may be converted in a few minutes, at a temperature 
of 160^, into dextrine, and soon after into grape sugar. 

In germination, potatoes becomes soft, mucilaginous, and 
afterwards sweet ; the dextrine formed from the starch ren- 
ders them mucilaginous, and the sugar formed from the 
dextrine renders Qiem sweet. The quantity of starch in 
potatoes is found to vary in different months. In August 
100 pounds of potatoes contained 10 pounds of starch ; in 
September 14 pounds; in October 15 ; in November 16; 
in December 17 ; in January 17 ; in February 16 ; in March 
15; in April 13; in May 10. The starch, therefore, in- 

331. How may dextrine be formed t What is the composition of dextrine ! 
How may grape'sugar be formed ? What is diastase ? What is its action upon 
starch f Why do potatoes in germination become mucilaginous and afterwards 
sweet! What is said of the quantity of starch contained in potatoes in the 
different months of the year ? When do apples and pears contain starch ? 

21 



238 ^BLEHENTS OF CHEHIStRT. 

creases during tbe winter, and in tbe spring, after tlie ger- 
minating principle is excited, it diminishes. Unripe apples 
and pears contain starch, as is shown by the test with iodine. 
When completely ripe they cease to give this reaction, the 
starch having become converted into dextrine and sugar, 
which gives a sweet taste to the fiiiit. Frost produces a 
similar effect on those vegetables which are rich in starch ; 
hence frozen potatoes, apples, &c., have a sweet taste after 
being thawed. 

Grape suear is abundantly diffused throughout the veg- 
etable Kingdom. It may be extracted in large quantity from 
the juice of sweet grapes, and also from honey, of which it 
forms the solid crystaline portion, by washing with cold 
alcohol, which dissolves the fluid sirup. It is found in many 
vegetables, and is especially abundant in fruits, as plums, 
pears, figs, grapes, &c. The white coating of plums, and 
the white, sweet grains in raisins, consist of it. Compared 
with cane sugar it is much less soluble in water. One ounce 
of cold water will dissolve three ounces of cane sugar, but 
only two-thirds of an ounce of grape sugar. It is also 
much less sweet. Two and a half ounces of grape sugar are 
equivalent to only one ounce of common sugar in this respect. 
The crystals of cane sugar are bold and distinct ; grape sugar 
separates from its solutions in granular warty masses pre- 
senting crystaline faces but rarely. When pure it is nearly 
white. When heated it melts and loses 4 eq. of water, and, 
at a higher temperature, blackens and suffers decomposition. 
Alkalies, which turn grape sugar brown, produce little effect 
on cane sugar, and sulphuric acid dissolves grape sugai* with- 
out blackening, but turns common sugar black. By these 
two tests, therefore, grape and cane sugar may be distin- 
guished. Another test is to add caustic potash to the sugar 
mixed with a solution of copper. When this mixture is 
heated, grape sugar throws down a green precipitate, which 
turns deep red, while the solution is left colorless. The action 
with cane sugar is very different. The mixture in this case 
alters very slowly, gradually forming a red precipitate, and 
leaving the solution blue. Grape sugar, like cane sugar, 
gives with common salt a soluble compound of sweetish saline 
taste, which crystalizes in a regular and beautiful manner. 

332. Cane sugar i3 found abundantly in the juices of many 
plants, but is chiefly extracted from the sugar cane. By 

What becomes of this, starch when the fruit ripens ? What is said of grape 
sugar! in what respects does it diflTer from cane sugar? By what tests may 
these two kinds of sugar be distinguished I 
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evaporating the cane liquor, it is crystalized in large rhombic 
prisms, which are colorless. Sugar is permanent in the air, 
phosphorescent by friction and electricity, and of the sp. gr. 
1*6. It has a pure sweet taste, and is veiy soluble in water, 
uniting with a third of its weight of cold water, and dissolv- 
ing to an almost unlimited extent in hot water. It is dis- 
solved by alcohol, but not as readily, and in absolute alcohol 
it is almost insoluble. Vi^hen heated, it melts and gives rise 
to a yellowish, transparent body, called barley sugar. If 
kept at a temperature of 630° it turns to a reddish-brown 
substance called caramel. Sugar has the property of com- 
bining like an acid with some bases, as potash, lime, ammonia, 
oxide of lead, &c. These compounds are called saccharatea. 

Sugar is a powerful antiseptic, and is now used to a con- 
siderable extent for preserving meat and fish, for which pur- 
pose it possesses the advantage of acting in a much less quan- 
tity than is requisite of common salt, and of not destroying 
the taste nor impairing the nutritive qualities of the food. 

In many parts of the continent of Europe, sugar is man- 
ufactured on a large scale from the beet roo^, which con- 
tainh about 8 per cent, of that substance. Large quantities 
are also obtained from the sap of the maple tree. 

333. Milk sugar, lactine, is obtained in large quantities by 
evaporating whey to a sirupy state, and purifying by animal 
charcoal the lactine which slowly crystalizes put. It is much 
less sweet than either cane or gprape sugar. It is also harder 
and less soluble, requiring 5 or 6 times its weight of cold, 
and 2 J times its weight of hot water to dissolve it. . When 
mixed with hydrochloric or sulphuric acids, it becomes con- 
verted into grape sugar, and this change is hastened by boil- 
ing. It forms four-sided prisnis which are white, translucent, 
and of great hardness. When heated it loses water, and at 
a high temperature blackens and decomposes. A peculiar 
acid, called lactic acid, is formed from milk sugar when 
allowed to stand, and this acid coagulates the milk, and cau- 
ses it to turn sour. 

334. The suteet principles of plants appear to be rather 
numerous. Already five or six distinct bodies of this kind 
have been pointed out and examined, and it is probable that 

332. In what plants is cane sugar found ? Mention some of its properties. 
How is it converted into barley sugar ? — caramel > What is said of the action of 
sugar with the bases t What are its compounds called ? What is said of the 
antiseptic pniperties of sugar 7 

333. How is milk 8ng;ar obtained ? Mention some of its properties. What 
body is formed when milk is allowed to stand 7 What effects does lactic ftcid 
produce on milk \ 
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otbera exist which are yet undescribed. Thus, besides the 
sugar of cane, beet root, &c., a second variety constitutes 
the sweet matter of all ordinary fruits ; a third is found in 
certain fungi ; a fourth in common liquorice ; a fifth exists in 
manna, which is an exudation from a species of ash in South- 
em Europe ; a sixth is fouud in milk. 

335. Gum — Gum Arabic. Gums of various kinds exist in 
many plants, and often in such abundance that they exude 
from the bark as a viscid liquid, and harden upon it in trans- 
parent globular masses. Examples of this kind are foimd 
m beach and cherry trees. Gum Arabic comes from an 
African tree, a species of acacia, from which it exudes spon- 
talieously. It is the best type of this class of bodies. It 
forms white or slightly yellowish irreralar masses, which are 
destitute of crystaline structure, and break with a smooth 
conchoidal fracture. It is bleached by exposure to the sun, 
and its powder is nearly or quite white. It is soluble in 
water, forming a viscid, adhesive, tasteless solution, from 
which pure arabifie, or the soluble grummy principle, may 
be precipitated by alcohol. It has a very feeble, slightly 
sweetish taste, and, when pure, dissolves wholly in the 
mouth. It undergoes no change by time when kept in a 
dry place. Its aqueous solution, if strong, remains for a 
considerable time unaltered, but at length becomes sour, in 
consequence of the production of acetic acid (346.) At a 
temperature between 300^ and 400^, it becomes soft, and 
may be drawn into threads. 

Gum Arabic is used instead of paste or glue for joining 
together paper, &c., and for uniting in a mass certain pul- 
verulent substances, as crayons, pastiles, &c. It is employed 
aUo in calico printing as a thickening material for colors 
ETid mordants, and m finishing and dressing operations. 
Gum or arabine (CiaHnOn.) is isomeric with crystalized 
cane sugar. 

336. Peciine. This substance exists more or less in all 
vegetablej, especially in those fruits and roots from which 
jellies are prepared. To the juices of these fruits, especially 
when boiled with sugar, it gives the property of hardening 
into a gelatinous mass on cooling. From vegetable juices 

334 How many sweet principles have been discovered in plants ? Mention 
somn of thf>se. 

335. Whence is gum Arabic obtained ! Mention some of its properties ; — 
Its uses ;— Its composition. 

336. What is said of pectine ? How is pectine converted into peelic acid t 
What are some of the properties of this acid ? 



ORGANIC CHEMISTRY. 2il 

it may be precipitated by alcohol. As thus obtained, it 
forms when moist a transparent jelly, imperfectly soluble in 
water, and tasteless, which dries up to a translucent mass. 
It is very nearly allied to the gums. 

A striking^ peculiarity of this substance is, that by the 
agency of a fixed alkali or alkaline eaithy base, it is instantly 
converted into peciic <icid, which unites with the base to form 
a pectate. On the addition of an acid to this pectate, it is 
decomposed and the pectic acid liberated. This acid is in 
the form of a colorless jelly, slightly acid, scarcely soluble in 
cold water, more soluble in hot water. With the latter it 
forms a solution which is coagulated by the addition of alco- 
hol, lime-water, acids, or salts, or even sugar, if allowed to 
stand for some time. 

337. Cellulose, vegetable tissue, lignine, is that portion of 
«very plant which remains behind after the action of several 
solvents, such as water, dilute acid and alkali, alcohol and 
ether, have been successively applied. By these solvents 
the gum, sugar, resin, coloring-matter, &c., are removed, 
and there is left behind a white fibrous skeleton which is 
cellulose. This is the fundamental material of the structure 
of plants. It is employed in the organization of cells and 
vessels of all kinds. What bone, flesh, and skin, are to the 
animal, cellulose is to the plant. 

In Fig. 101, is represented a transvei-se section of the 
sugar cane as seen by the microscope. 
This is so thin as to display only one layer 
of cells, but a thicker section would show 
a second set of the same kind of cells be- 
hind the first. The forms of vegetable cells 
are exceedingly various, being globular 
in some plants, angular in others, and of 
the latter some are three sided, others 
square, but the greater part are hexagonal 
or six-sided figures. 

In the young leaves, and in the pulp of fruit and roots, 
as apples, plums, carrots, &c., cellulose is very finely rami- 
fied, tender, soft, and easily digestible ; in straw, wood, and 
the husk of grain, it is hard and indigestible ; it forms the 
stones of plums, cherries, and peaches, and the shells of 
nuts, and also the light pith of the elder, the substance of 
cork, and the long pliant fibres of hemp, flax, and cotton. 

337. What is cellulose! What are some of the different forms under 
which it occurs ! Where is cellulose seen in a state of puriiy ? Mention 
21* 



Fig. 101. 
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Under a good microecope the ultimate fibres of cellulose 

S resent the appearance of minute ribands with rolled or 
ickeued edges. 

Cellulose is seen in a state of purity in the fibres of linen 
and cotton. It is of perfect wniteness, insoluble in water 
and alcohol, and tasteless. Strong and cold sulphuric acid 
converts it into dextrine. When digested in fused potash, 
dissolved in its weight of water, linen yam becomes immedi- 
ately yellow, while cotton remains white, and in this way 
these two forms of cellulose may be distinguished. They 
may also be distinguished by the appearance of their fibres 
under the microscope. The fibres of cotton are flat, riband- 
like, and more or less contorted or shrivelled ; those of linen 
are straight, round, and with cross knots at certain dis- 
tances. 

338. Wood consists chiefly of cellulose. Dry timber 
consists on an average of 96 parts of fibrous and 4 of soluble 
matter in 100, but these proportions vary somewhat with the 
season, the soil, and the plant. Wood becomes snow-white 
when exposed to the action of chlorine. If too long expo- 
sed, the chlorine destroys the vegetable tissue by abstractmg 
the hydrogen. When dipped in strong sulphuric acid, wood 
is charred, because the acid attracts from it hydrogen and 
oxygen and leaves cai'bon. The oxygen and hydrogen 
unite to form water by the presence of sulphuric acid (dis- 
posing aflinity, p. 64), and the water thus formed unites with 
the sulphuric acid. When digested with dilute sulphuric 
acid, it is transformed first into gum, and afterwards, by 
ebullition with water, into grape sugar. By nitric acid wood 
is dyed yellow, being oxidized by this acid. By long con- 
tinued treatment, all the carbon may be oxidized into car- 
bonic acid, and all the hydrogen into water. 

339. Gun-cotton, pyroxiline, is explosive vegetable tissue, 
prepared by oxidizing cotton with nitric acid. Half an 
ounce of the strongest nitric acid (sp. gr. 1*5) is mixed with 
an ounce of strong sulphuric acid. The object of the latter 
is to attract and retain the water contained in the nitric acid, 
and that which separates from the cotton. This mixture is 
poured into a porcelain mortar or bowl, and as much cotton 

some of its properties. How may the cellulose of linen and cotton be distin- 
guished ? 

338. Of what is wood chiefly composed t What is the action of chlorine upon 
wood ?— strong sulphuric acid ? Into what is wood converted when digested 
with dilute sulphuric acid ? What is the action of nitric acid on wood ? 

339. What is gun-cotton ? How is it prepared ? Mention some of its prop- 
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Pressed in with tbe pestle as can be moistened with the acid. 
lOose cotton is not essentiali as cotton cloth, wick yam, 
printing paper, &c., will answer. When the cotton has 
soaked for nve minutes, it is taken out with a glass rod, put 
into a vessel of water, and washed repeatedly with fresh por- 
tions of water until it no longer reddens blue test-paper. 
The cotton is then squeezed out with the hand, spread upon 
a sheet of paper, and dried in an airy place. It is dangerous 
to dry it on a stove, as it easily takes fire. One hundred 
parts of pure lignine yield 176 of pyroxiline. It is white, 
inodorous, insoluble in water, soluble in ether and caustic 
potash. When touched with a red hot iron it explodes, and 
leaves no residue. By a stroke of a hammer the part struck 
explodes and drives off the remainder unconsumed. Its power 
in propelling balls is about eight times greater than that of 
gunpowder. This gi-eat energy depends upon the fact that 
it is completely resolved by its combustion into aqueous 
vapor and permanent gases, which are cai-bonic acid, carbonic 
oxide, and nitrogen. Its purity (i. e. the conversion of the 
lignine of which it is made into pyroxiline) may be ascer- 
tained by sulphuric acid of the density 1*4 to 1*76, which 
dissolves it if pure without becoming colored, but if lignine 
is present the acid is soon colored. 

SECT. I. 2. ORGANIC ACIDS. 

340. Sulphuric, nitric, and other inorganic or mineral 
acids are formed artificially, but the acids which are now to 
be described are the product of the vital principle alone. 
By decomposing these acids we arrive at their constitution, 
but we cannot again unite their elements to form these bod- 
ies. The following table includes the most important of these 
acids : 

Oxalic acid, CjOg, H0+2H0. 

Tartaric acid, C8H40,o, 2HO. 

Acetic acid, C4H3O3, HO. 

Citric acid, C12H5O11, 3HO. 

Malic acid, C8H4O8, 2H0. 

Tannic acid, CigHsOg, 3HO. 

Gallic acid, C7HO3, 2H0. 



erties. To what is the great energy of its explosion owing 7 How may its 
purity be determined ! 
340. How are the oiganic acids produced ? 
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341. Oxafic acid is formed by the action of nitric acid on 
atarch, sugar, and many other substances. It is the highest 
state of vegetable oxidation, for if more oxygen be added it 
loses its vegetable nature, and is resolved into carbonic add 
and water. In its formation, this excess of oxygen which it 
contains compared with any other organic compound, is fur* 
nished by nitric acid. It may also be obtained from organic 
substances by the action of caustic potash. Thus if wood sha* 
vings be mixed with a solution of caustic potash, and exposed 
to a heat considerably higher than 212°, thejr will be par- 
tially decomposed, and converted into oxalic acid, which then 
combines with the alkali forming oxalate of potash. This 
is perhaps the cheapest method of obtaining oxalic acid. 

Oxalic acid is a colorless crystalized solid, possessing con» 
siderable volatility, and a strong sour taste. Its crystals 
have the shape of slender, flattened, four or six-sided prisms, 
They dissolve in about nine times their weight of cold, and 
in their own weight of boiline water. They are also solu- 
ble in alcohol. Oxalic acid is very poisonous. Instances 
are on record of its proving fatal in ten minutes, and few 
survive the effects of a poisonous dose beyond an hour. 
Magnesia and chalk are the proper antidotes. 

According to the formula CjOs, HO+2HO, crystals of 
oxalic acid contain 1 eq. of basic water (water of constitu- 
tion), with two eq. of water of crystalization. The latter 
may be removed by exposure to a low heat, and the acid then 
becomes a white powder and sublimes without difficulty. 
The symbol of the acid in this state will be CaOg.HO 
(omitting 2HO from the above formula). Any attempt to 
simplify its constitution still farther by driving off the basic 
water HO, in order to isolate the acid as C2O3, is attended 
by its decomposition, as follows : 

C2O3 -f HO=oxalic acid with basic water. 

This ini^ be divided into 

HO= water. 

(fwai-M in witeiy vapor ) 

C02=Carbonic acid. 

^^^"^ product of tlie de<:omposition of oxalic acid.) 

CO=Carbonic oxidr. 

(aeonod prudoct oTtlio deconpotttion of oxalic acid.) 



341. How IS oxahc acid formed ? What is said of the amount of oxygen which 
II conijims ? Mention some of the properties of oxalic acid ? Write and ex- 
•!.i.i «r 7''™'*'«-. VV hat portion of the water contained in crystals of oxalic 
JluioTk^ J^^'P®"®^ by heat? What will the fonnula then become? Ex- 
piain tbe diagram. What is said of the relations of oxaUc to the other acids ? 
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All the other organic acids can be converted into ox- 
alic by the addition of oxygen, but oxalic «cid cannot be 
made by any chemical process to return to a lower state of 
oxidation. 

Oxalic acid occurs naturally in several plants, in union 
with potash or lime. It has a very strong affinity for lime, 
and forms with it an insoluble precipitate of oxalate of lime, 
whenever the acid and the eirth are brought into contact. 
Hence oxalic acid, and its soluble combinations, are the best 
tests for lime which we possess ; and lime, on the other hand, 
is the best test for oxalic acid. So strong is the mutual at« 
traction between this acid and lime, that the former takes 
the latter even from sulphuric acid. Hence the addition of 
a soluble oxalate produces a white cloud in a solution of 
sulphate of lime. Oxalic acid is used in calico printing* 
ana in removing ink spots from linen or paper. This it 
does by dissolving the oxide (sesquioxide) of iron, and both 
are removed by washing. Calico is dyed yellow by dip- 
ping it in a solution of protosulphate of iron (green vitriol.) 
Ammonia is then added, which withdraws the sulphuric 
acid and leaves the iron as protoxide. This, on exposure 
to the air and drying, becomes converted into the yellow 
sesquioxide. On this ground white patterns are stamped 
with oxalic acid, which dissolves the sesquioxide wherever 
it touches, and leaves a white figure. 

342. Tartaric add is the acid of grapes, of tamarinds, of 
the pine-apple, and several other fruits, in which it occurs 
as bitartrate of potash. Tartrate of lime is also occasionally 
met with. Tartaric acid is a white crystalized solid, in the 
form of irregular six-sided prisms. It is unalterable in the 
air and possesises a strong acid taste which becomes agreea- 
ble when the acid is sufficiently diluted with water. It is 
soluble in five or six times its weight of cold, and twice its 
weight of boiling water. It is also soluble in alcohol. The 
solution reddens litmus strongly. A weak aqueous solution 
is decomposed by keeping, becoming covered with a mouldy 
pellicle. 

343. Acid tartrate of jwtaahy cream of tartar , KO, HO, 
CeH40io« During the fermentation of gprape juice a crys- 
taline, stony matter is deposited. This consists chiefly of 
acid tartrate of potash, with a little tartrate of lime and col- 
How does oxalic acid occur naturally ? What it the best test for oxalic acid t 
Mei'tion some of the uses of this acid? 

342. Write and explain the formula for tartaric acid. Where is this acid 
found ? Mention some of its properties. 
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oring matter, and is the source of all the tartaric acid of 
commerce. It is purified by solution in hot water, and the 
coloring matter is removed by animal charcoal. It forms 
small, transparent or translucent, prismatic crystals, irregu- 
larly grouped together, which are hard and gritty between 
the teeth, and dissolve slowly in the mouth. It is permanent 
in the air, and soluble in 15 parts of boiling water, but the 
greater part separates on cooling, leaving about ^i^i or less 
dissolved in the cold liquid. Its solubility in water is greatly 
increased by the addition of borax. It is insoluble in alco- 
hol. It has an acid reaction and a sour taste. 

344. Tartrate of potash, soluble tartar, 2¥X>j Cf^'Kfiief 
may be made by adding carbonate of potash to cream of tax- 
tar. It is very soluble, and crystalizes with difficulty in 
irregular six-sided prisms, which are permanent in the air, 
and have a bitter, saline taste. 

345. Tartrate of antimony and potash, tartar emetic, KO, 
SbaOj, C8H4O10+2HO, is made by boiling oxide of anti- 
mony in solution of cream of tartar. It is deposited from a 
hot and concentrated solution in crystals derived from an 
octahedron with a rhombic base, which dissolve in 15 parts 
of cold and 3 of boiling water. The solution is decomposed 
by both acids and alkalies. Sulphuretted hydrogen sepa- 
rates all the antimony as a sulphuret. Crystals of tartar 
emetic are colorless, and have an acid and extremely disa- 
greeable taste. When exposed to the air they effloresce and 
become opaque. 

346. Acetic acid, pyroligneous acid, vinegar. When alco- 
hol is oxidized it is converted into vinegar. This does not 
take place by mere exposure to the air, or even to oxygen 
gas, as pure alcohol is not affected by either of these. To 
produce this effect it is Necessary to add q. ferment, as yeast, 
vinegar, &c., which, by disposing affinity (p. 64.), generates 
an action that would not exist without its presence. A tub, 
a, (Fig. 101,) 12 or 15 feet high, is filled with shavings of 
beach-wood and is furnished with a perforated shelf, h, near 
the top. . Through this shelf small holes are made, and 
strings let down with knots tied in the upper extremities, 
which prevent them from falling through. The alcohol ig 

343. Write and explain the formula for cream of tartar \ How is this sub- 

344® Rjod"^®^ • Mention some of its properties. 
|. **: Write and explain the formula for tartrate of potash. How does this 

345 w^®' from the last ? How is tartrate of potash produced ? 
made 7 ^^^ *"** explain the formula for tartar emetic. How is tartar emetic 
waae . Mention some of its properties. 
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poured into the tub above the shelf &, and trickles down slowly 
over the threads, and thus diffuses itself over the shavings, 
forming a very thin layer, ^^^ 

which presents to the air a 
surface many thousand times 
more extensive than was pro- 
duced by any former method. 
Several large holes c, c, are 
bored around the lower part 
of the tub, and also in the per- 
forated shelf at d, d, d, to pro- 
duce a free circulation of air. 
The large holes d, d, d, are 
filled with tubes which rise 
above the alcohol upon the 
perforated shelf. The pro- 
cess of fermentation within 
the tub produces an elevated 
temperature (104©). The 
heated air, therefore, rises" 
and passes off through the tubes d, d, d, while fresh air 
enters at c, c, and thus a circulation is kept up within the 
tub. The air passing through the shavings within, gives up 
its oxygen to the alcohol, and converts it into vinegar. The 
ferment used in this process is strong vinegar, with which 
the tub and the shavings are previously moistened. Brandy, 
beer, wine, &c., may be converted into vinegar in a few 
hours by being passed through the tub three or four times. 

In the United States, vinegar is usually made from cider, 
which, by long exposure to the atmosphere, attracts addi- 
tional portions of oxygen, and is converted into acetic acid. 
The yellow or brownish color is often imparted to it by burnt 
sugar, or extract of chicory. 

Dilute acetic acid, or distilled vinegar, used in medicine, 
should always be examined for lead or copper, as it some- 
times contains these impurities, derived from the metallic 
vessel or condenser used in the process. The strength of 
any sample of acetic acid cannot be safely infened from its 
density, biit is easily determined by the quantity of dry car- 
bonate of soda necessary to saturate a known weight of the 
liquid. The water contained in vinegar freezes on exposure 
to cold sooner than the acid ; hence, in this way, weak vine- 



346. Write and explain the formula for acetic acid. How is acetic acid 
formed! Explain Kig. 101. Mention some of the properties of acetic acid. 
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gar may be strengtibened. The same action is observed 
when wine is exposed to the cold. 

Acetic acid unites in all proportions with water, and dis- 
solves to a certain extent in alcohol. It is a solvent of a 
great number of substances, such as the volatile oils, cam- 
phor, gluten, resins and gum-resins, fibrine, albumen, &c. 
It is one of the few vegetable acids that volatilize widiout 
decomposition. Its boiling point is somewhat higher thaa 
that of water, and when hoiled in open vessels it takes fire, 
and bums with a blue flame like alcohol. It attracts hun^d- 
ity from the atmosphere, and should, therefore, be preserved 
in well stopped bottles. 

347. Acetate of lead, PbO, €41130, + 3HO, is prepared 
on a large scale by dissolving litharge in acetic acid. It may 
be obtained in colorless, transparent, brilliant needles, which 
are prisms with dihedral summits. It is usually obtained in 
commerce as a confusedly crystalino mass, somewhat resem- 
bling loaf-sugar. From this fact and from its sweet taste it 
is called wgar cf lead. The crystals are soluble in about 
Y^ part of cold water, effloresce in dry air, and melt when 
gently heated. The water of crystalization is easily driven 
off by heat, and the salt in the anhydrous state obtained. In 
this state it suffers the igneous fusion, and afterwards decom- 
poses at a higher temperature. Acetate of lead is soluble 
m alcohol. The watery solution has an intensely sweet and 
astringent taste. Spirituous liquors are often sweetened 
with it, and thus rendered more or less poisonous. It is also 
used to remove the rancidity of oils. Inferior olive oil is 
thus made to pass for good. * 

348. Subacetate of copper, verdigris, is made by spreading 
the marc of grapes upon plates of copper exposed to the air 
for several weeks, or by spreading on the copper plates pie- 
ces of cloth dipped in crude acetic acid. Verdigris is in 
masses of a pale green color, composed of a multitude of 
minute, silky crystals. It is a mixture of several acetates of 
copper ; one of these may be obtained by digesting in warm 
water ; a second by boiling ; the third is found in the insolu- 
ble residue. A fine green ink may be prepared by boiling a 
mixture of 8 parts verdigris, with 1 of cream of tartar, and 
8 of water. The solution is then passed through cloth and 
bottUid for use. 

347. Write and explain the formula for acetate of lead. Wow is this salt pre- 
pared ? Mention some of its properties. What use is often made of sugar of 

348. How is verdigris prepared ? What is said of its composition ? 
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349. Acetate of copper^ CuO, C4H3O3+HO, is prepared 
by dissolving verdigris in hot acetic acid, and leaving the 
filtered solution to cooL It forms beautiful dark green crys- 
tals, which dissolve in 14 parts of cold and 5 of boiling water, 
and are also soluble in alcohoL This salt is sometimes called 
distilled verdigrisy and is used as a pigment. By adding 
brown sugar to a boiling solution, it is aecomposed, and a red 
crystaline powder subsides. 

350. Acelcd, CsHgOs, may be mentioned in connection 
with acetic acid. It is one of the products of the slow oxida- 
tion of alcohol vapor under the influence of platinum (319.) 
It is a thin, colorless liquid, of pungent, ethereal odor, soluble 
in 6 or 7 parts of water, and miscible in all propoitions with 
alcohol. It has a peculiar, strongly acid taste, and reduces 
with great facility certain metallic solutions, such as those of 
platinum, gold, and silver. Its density is 0*823, and it boils 
at 2030. 

351. Citric add is obtained in large quantities from the 
juice of limes and lemons. It is found in many other fruits, 
as in gooseberries, currants, &c., in conjunction i^ith malic 
acid (352.) From these fruits it is separated by the aid of 
chalk, which forms with the acid citrate of lime. Sulphuric 
acid is then added, which takes the ba£« lime, and liberates 
the citric acid. It is clarified by digestion with animal char- 
coal, and yields colorless, prismatic crystals, of a pure and 
agreeable acid taste, and soluble both in hot and cold water. 
These crystals are of two different forms ; those which sep- 
arate in the cold by spontaneous evaporation contain 5 eq. of 
water, but those which are deposited from a hot solution con- 
tain only 4 eq. Their solution strongly reddens litmus, and, 
when long kept, is subject to spontaneous change. 

352. Malic add is obtained from sour apples, pears, ber- 
ries of the moimtain ash, and many other plants. It may be 
prepared from the stalks of rhubarb, in which it occurs with 
cixalate of potash. It is very deliquescent, and, therefore, 
difficult to crystalize. It is colorless, and soluble in water. 
Alcohol also dissolves it. The aqueous solution has an agree- 
able acid taste, becomes mouldy and spoils by keeping. 

349. Write and explain the fonnula for acetate of copper. State the mode 
by which it is prepared, and some of its properties. 

350. What is said of acetal ! 

351. Write and explain the fonnula of citric acid. How is this acid obtain- 
ed ! State some of its properties. 

352. Write and explam the formula of malic acid. Where is this acid found % 
State its properties. 

22 
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Malic, citric, and tartaric acids, are found associated in al- 
most all acid fruits. 

353. Tannic and gallic acids are substances in which the 
acid character is much less marked than in the preceding 
bodies. They constitute the astringent principles of plants, 
and are widely diffused throughout the vegetable kingdom* 
Tannic acid has been divided into several varieties, for, when 
procured from certain vegetables, it affords a black precipi- 
tate with a sesquioxide of iron, but when obtained from other 
vegetables, it produces a grayish-green precipitate with the 
same salt of iron. As this acid refuses to crystalize, it has 
not yet been decided whether these are in fact different vari- 
eties, for the color of bodies is so much affected by external 
causes that it cannot be relied on as a proof of identity or 
difference. 

Tannic acid forms insoluble compounds with starch, gela- 
tine (410.), and other organic bodies, wliich thus acquire the 
property tf resisting putrefaciion. When the skins of ani- 
mals are steeped in an infusion of oak bark or of any other 
vegetable containing tannic acid, the insoluble compound 
formed by the gelatine of the skin with the tannic acid con- 
stitutes leather. Quick tanning is performed by forcing the 
liquid containing tannin into the skm hy pressure. The for- 
mation of leather may also be hastened by using a strong 
solution of the tanning principle (which may be extracted 
from the bark), instead of the bark itself. But these quick 
methods do not produce equally good leather. The common 
method is to infuse coarsely powdered oak-bark in water, 
and to keep the skin immersed in this solution a certain 
length of time. During this process, which is slow and 
gradual, the skin is found to have increased in weight, and to 
have acquired considerable tenacity, and impermeability to 
water. Certain salts are also sometimes used in converting 
skins to leather. This is most frequently done by laying them 
in a solution of alum and common salt. The leather pre- 
pared in this way is white and more supple than that pre- 
pared by the former method. 

Tannic acid of the oak may be prepared from nut-galls. A 
gH^B vessel a, (Fig. 102.) is loosely stopped with cotton or wool 
at its Ipwer extremity, and half or two-thirds filled with pow- 
dered galls. Ether containing, as it invaiiably does, a little 
water, is poured upon the powder, and the vessel loosely 

353. Write and explain the fonnula for tannic and gallic acids. What is 
•aid of these acids I in what way is leather prepared ? Explain Fig. 102. 
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Stopped. The liquid, which after some time col- Fig. 108. 
lects in the receiver below, consists of two distinct 
strata, b and c, of which the lowest, c, is a very 
strong, colorless solution of nearly pure tannic 
acid in water ; the upper, i, consists of ether, 
holding in solution gallic acid, coloring matter, 
and other impurities. The solution of tannic 
acid, after being carefully separated, is dried in 
vacuo with the presence of sulphuric acid. The 
dry tannic acid thus produced is a slightly yellow- 
ish, friable, porous mass, without the slightest ten- 
dency to crystalize. It is very soluble in water, 
less so in alcohol, and very slightly soluble in ether. 
It reddens litmus, and possesses a pure astringent 
taste without bitterness. 

Artificial tannin has been prepared by adding to 
100 grains of charcoal, 500 of nitric acid, diluted 
with twice its weight of water. This mixture was heated 
and suffered to digest for two days, when more acid was 
added, and the digestion continued until the charcoal was 
dissolved. The solution being evaporated to dryness, left a 
dark brown mass, which was tannin of a bitter and hi^ly 
astringent taste. 

354. Gallic add is much less abundant than tannic acid, 
.and seems to be produced by an alteration of the latter. A 
solution of tannic acid when exposed to the air, gradually 
absorbs oxygen and deposits crystals of gallic acid. The 
simplest method of preparing this acid in quantity is to make 
powdered nutgalls into a paste with water, and expose the 
mixture to the air in a warm situation for two or three 
months, adding water from time to time to replace that which 
is lost by drying up. The mouldy, dark colored mass pro- 
duced, may be strongly pressed in a cloth, and th^ solid por- 
tion boiled in a considerable quantity of water. The filtered 
solution deposits, on cooling, abundance of gallic acid, which 
may be drained and pressed, and finally purified by recrys- 
talization. It forms small, feathery, and nearly colorless 
crystals, which have a beautiful, silky lustre, and require for 
solution 100 parts of cold, but only 3 of boiling water. The 
solution has an acid and astringent taste, and is gradually de- 
composed by keeping. Like tannic acid it yields no precip- 
itate with a protosalt of iron, but forms a deep black precip- 
itate with a persalt, which disappears when the liquid is 



354. How ii gallic acid prepared ? What are the properties of this acid ? 
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heatedt b j tbe reduction of the peroxide of iron to the pro- 
tozide. This add does not, tike the lest, tan the skin of ani* 
mals* 

SECT. I.— 3. TBS «ACCHAailfE FSRMBNTATION, OONTBRSION 
or SUOAB INTO ALCOHOL. 

355. The conversion of starch into dextrine, and after- 
wards into sugar, may be illustrated by the following exper- 
iment : — Boil two parts of potato starch with twenty parts 
of water, and add to the paste thus formed one part ot glu- 
ten (410.) of wheat flour. Expose the mixture for 8 hours 
to a temperature of from 122^ to 167^. It will lose its pasty 
character, and become by de^ees limpid, transparent, and 
sweet, passing first into dextrine and then into sugar. This 
production takes place in the germination and kiln-drying of 
malt. The mashing of the brewer, and the sweetening of 
bread in baking depend upon the same {>rinciples. An ana- 
logous process takes place in the cooxing of certain yege- 
tables, as parsneps, carrots, potatoes, &c., in which sweet- 
ness is developed by heat and moisture. The saccharine 
fermentation of seeds in the manufacture of malt, is produ- 
ced by the following process : Barley is first soaked m wa- 
ter for two or three days. The water is afterwards drained 
off, and the grain left in this moist state soon heats spontane- 
ously, swells, bursts, sweetens, and finally sprouts. When 
these s{)rout8 are about an inch long, the })rocess is stopped 
by putting the grain into a kiln, where it is well dried at a 
gentle heat. It is now nuilt, a crispy and friable substance, 
which is used in the manufacture of beer. 

356. In the manufacture of sugar from the cane, great 
difficulty arises from the extreme susceptibility of change in 
the cane juice. The latter, as it runs from the crushing mill 
is as clear and colorless as water, but decomposition soon 
commences, which is accelerated by the heat and moisture 
of the climate, and in a short time the sweet tasted, bland 
liquid becomes converted into a spirituous or ascescent pro« 
duct, turbid from insoluble, suspended matter, and totally 
unfit for the purposes to which it was intended to be applied. 
To guard against this evil, the sugar-boiler always endeavors 
to conduct the first part at least of the process as rapidly as 
possible. After the cane-juice is extracted by pressing the 

355. By wbat experiment may the conrersion of starch into dextrine mad af 
ferwards into tugar be illustrated t How is the saccharine feimentation of seeds 
m the maoDfaeture of malt produced T 
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«anes between two cylinders of iron, it is then carefully boil- 
ed with lime-water, which neutralizes any free acid, and 
facilitates also the separation of certain yegetable matters 
which rise in a thick scum to the suiiace. This is skimmed 
off, and the sugar, when thus clarified and sufficiently con- 
centrated, is let off into shallow, wooden coolers, where it 
concretes. It is then put into barrels with holes in the bot- 
tom, through which a quantity of treacle, or molasses, gradu- 
ally drips, and the sugar, after remaining in these barrels for 
some weeks, becomes dry and fit for shipment. This is 
brown or raw sugar. 

The refining of suear is usually performed in the foreign 
ports to which it is shipped. For this purpose it is put into a 
copper pan or boiler, previously charged with a certain quan- 
tity of lime-water, with which a portion of bullock's blood 
has been well mixed by agitation, and also from 5 to 20 per 
cent, of bone-black (animal charcoal). In this state it is suf- 
fered to remain over night. Early in the morning fires are 
lighted under the pans, and, when the liquid boils, the coag- 
ulated albumen (408.) of the blood rises to the surface, and 
carries the impurities of the sugar with it. Whites of eggs, 
which also contain albumen, are sometimes used instead of 
blood. The liquid is kept gently simmering and continually 
skimmed, until a small quantity taken out in a spoon appears 
perfectly transparent Tnis generally takes from 4 to 5 hours. 
The clear sirup is then boiled down as rapidly as possible, 
till a small quantity on the thumb is capable of bein^ drawn 
out into threads by the fore-finger. The more rapidly the 
boiling is effected without scorching the sugar, the better 
and greater is the product of the sugar. As this object is 
best accomplished in a yacuum, hence the advieintage of the 
vacuum process (28.) The fire is now damped, and the sirup 
carried off in basins to the coolers. Here it is violently agi- 
tated with wooden oars till it appears granulated, for it is 
upon this agitation that the whiteness and fineness of the 
grain in the refined sugar principally depend. This breaks 
down the crystals while forming, and converts the whole into 
a granular mass. Sugar in this form permits the colored 
liquid containing molasses, &c., to run off, which would be 
combined with the solid were it suffered to form in large 
crystals. 

This granular texture also facilitates the next process, 

35& Describe the process by which raw sugar is manufactured ;— by which 
sugar is refined. 

22* 
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which is to form the sugar into loayes and to purify tkese 
loaves. While still warm the sugar is poured into conical 
moulds, which are inverted, and upon the base thus placed 
uppermost, clay wet up with water is poured. The crater 
from this clay gradually trickles through the sugar loaves 
and carries off the coloring matter, which is much more solu- 
ble than the crystalized sugar. The loaves thus rendered 
white are ttove-dried at a temperature between 95° and 100°. 
The sirup or drainings collected in pots are mixed with the 
raw sugar in the next boiling. This sirup is divided accord- 
ing to its fineness, that which drains last from the sugar 
bemg, of course, the finest. The first mnninga are reserved 
for the coarsest loaves, while the last, being little else than 
clear sirup, are boiled into loaves of the same fineness as 
those from which they ran. 

Between tugar candy and loaf sugar there is the same 
difference as between calcareous spar and white marble. 
Large and distinct crystals characterize the former;- a con- 
fused assemblage of small crystals the latter. Sugar candy 
is made without agitation of the hot sirup. This is poured 
into pans, across which threads are strung, and to these the 
crystals attach themselves. The pans are set in a stove, 
and great care is taken not to disturb the liquid, as upon 
this depends the largeness and beauty of the crystals. In 
this state the sugar is left for five or six days, exposed to a 
heat of about 95°. The crystalized candy is then taken 
out and washed with lime-water. This takes off the mo- 
lasses from the outside, but a great quantity is enclosed 
within the crystals. 

357. Conversion of sugar into alcohol. This is sometimes 
called the vinous* Jermentation, as it produces wine and 
other liquors containing alcohol. As a previous step, the 
saccharine fermentation must in most cases be formed, so 
that if sugar is not developed during the life of the plant, 
it must in this way be produced before the vinous fermenta- 
tion can take place. Thus barley is converted into malt, 
and in this state only is it susceptible of undergoing the 
vinous fermentation by which it is converted into beer. 

A solution of sugar in water may be kept for a compara- 
tively long time without undergoing any change, but if 
blood, albumen, leaven, or any nitrogenized matters, in a 

Latin, otmon, wine. 
357. What must generally precede the vinoua fermentation ! EzpUin the 
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State of putrescent decay, are mixed with it at a tempera- 
ture of 70°, the sugar is rapidly decomposed into carbonic 
acid COa» and alcohol O^^eOa, as follows : 

C6He06=grape sugar. 

Dind« thw fomak into C4 H6 OS4C3 04, 

C 4H gOa =Alcohol. 

(remaina in aolation.) 

C204=Carbonic acid (2 eq. COj.) 

(pasaet offas gas.) 

The same action takes place in making bread. The leaven 
causes the sugar which the flour contains to ferment, and, in 
this case, not only the carbonic acid produced by the fermen- 
tation of the sugar, but also the alcohol thus produced, are 
driven off by the heat of baking. A portion of these gas- 
eous products being entangled within the bread, cause it to 
puff up, and thus to become light. 

The first action of fermentation on the various sugars is, 
probably, to bring them all to the condition of grape sugar, 
and then decomposition into alcohol and carbonic acid en- 
sues. In the same way the sugar of fruits is converted into 
the different wines, and other intoxicating drinks. The pe- 
culiar and charactei-istic taste of these different liquors is 
produced by the substances which are present with the sugar, 
and not by the fermented sugar itself. The amount of liquor 
produced must, of course, be in proportion to the sugar 
which the plant contains, but this is not the only circumstance 
which determines the plant or fruit to be selected. The 
manner and proportion in which the sugar is mixed with 
the other iuffredients, is what chiefly determines the quantity 
and value of the liquor produced. Hence, though the sugar 
cane yields sugar far more abundantly than any other plant, 
and consequently may be made to produce the most liquor, 
yet the grape is selected as producing the best wine. 

When the expressed juice of grapes, or must, is enclosed in 
a vessel out of contact of air, and subjected to the heat of 
boiling water, the small portion of oxygen present is ren- 
dered inactive, and the liquor does not ferment. But an 
exceedingly small portion of oxygen, even a single bubble, 
will start the fermentation, after which it will go on with or 
without the presence of air. The mutual reaction of the fer- 
ment, formed on the introduction of the bubble of oxygen, 

diagram. How is bread fermented and raised ? To what is the peculiar and 
characteristic taste of the different liquors owing? How may fermentation be 
commenced in the expressed juice of cane ! How is it then continued I What 
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and the sugar of the grape jaice, produces alcohol and carbonic 
acid, or, in other words, excites and continues fermentation. 
Yeasty particles are evolved and float in the Hquid. If a 
solution of pure sugar be added, it is involved in the change, 
and portion after portion will disappear, but finally the yeast 
itself is exhausted, and then any excess of sugar remains 
unacted upon. 

The Jerments, or bodies which cause fermentation, are all 
nitrogenized bodies, since non-nitrogenized substances never 
spontaneously ferment. The principle qfjermentation is con- 
sidered to be a molecular disturbance, propagated from a 
body already in a state of decomposition, or a ferment. The 
complex organic body under these circumstances breaks up 
into inorganic bodies, and organic bodies of a composition 
more simple, and, consequently, possessing greater perma- 
nence. 

All sweet substances pass spontaneously into fermentation 
without the necessity oi adding to them a ferment, because 
they contain besides sugar, one of the nitrogenized substan- 
ces, albumen, caseine, or gluten (408 and 410.) Thus from 
currants, gooseberries, beets, and grapes, wine is prepared, 
cider from apples, &c. 

New beer holds some sugar and gluten in s<^ution, there- 
fore, like wine and cider, it undergoes, when kept, a second 
slight fermentation. If this is allowed to take place in well 
stopped bottles, so that the carbonic acid cannot escape, a 
foaming beer (bottled beer) is obtained. In the same way 
bottled cider and champagne are made. 

358. The circumstances which promote the vinous fermen- 
tation, are the following: — (1.) The presence of the proper 
quantity of active yeast. If in the course of a slack fer- 
mentation the yeast subsides to the bottom, the fermentation 
ceases, but may be excited anew by stirring up the ingredi- 
ents. (2.) A certain degree of warmth. This should not be 
less than 51© nor more than 86°. The temperature of 68^ 
to 77° is the most favorable to the commencement and pro- 
gress of the fermentation. Other circumstances being the 
same, the rapidity of the fermentation is proportional to the 
temperature within certain limits, so that by changing the 

do all the ferments contain ? What is supposed to be the principle of fennenta- 
Uon T Why do all sweet substances pass spontaneously into fermentation t 
How are bottled cider, beer, and wine prepared ? Why do these hqwtn foam 
on removing the cork ? 

358. Mention some of the circumstances which promote the rinous fermenta- 
tion. 
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temperature, the action may be altered at pleasure. (3.) The 
fermentation proceeds the better and more equally thegreat'^ 
er the moat of fermenting liguoTt probably on account of the 
uniformly high temperature, as well as tne uniform distribu* 
tion of the active particles of yeast, by the greater energy 
of the movements of the liquid. (4.) The presence of water* 
When the saccharine solution is too mucn concentrated it 
does not ferment Hence, very sweet musts furnish wines 
containing much undecomposed sugar. For a complete fer- 
mentative action, one part of sugar should be dissolved in 
ten parts of water. 

359. Fermentation may be tempered or stopped : — (1.) 
"By those means which render the yeast inoperative. This 
effect is produced particularly bv oils that contain sulphur, 
as oil of mustard. It is produced also by sulphuric and sul- 
phurous acids. (2.) By the separtUion of the yeast. This 
may be done by filtration or subsidence. (3.) By lowering 
the temperature to ahont 45^. 

360. Pure alcohol is a colorless liquid, of pungent and 
affreeable taste and odor. At 60^ its sp. ^. is 0*794 ; that 
of its vapor 1'613. When alcohol is ootamed from suffar, 
carbonic acid escapes, carrying off a portion of the carbon 
and oxygen of the sugar. Alcohol, therefore, contains less 
carbon and oxygen than su^ar, and consequently ''more hy* 
drogen. To this is owing its lightness, its great inflamma* 
bilitv, and its pale-bluish flame. This flame is free from 
smoKe, and the products of its combustion are carbonic acid 
and water. Alcohol boils at 173^, and at a still lower point 
if slightly diluted with water, though the boiling point rises 
if the water be in greater proportion. It has never been 
frozen. Even at a cold of — 148^ it remains fluid. It is, 
therefore, excellently adapted for thermometers, by which 
^eat degrees of cold are to be measured. It is also used 
va the gas pipes of cities to prevent the freezing of the wa- 
ter which settles in them. The illuminating gas is made to 
pass through alcohol, by which not only is most of the steam 
withdrawn from the gas, but so much vapor of alcohol is also 
added to what remains, that the condensed liquid of alcohol 
and water in the gas-pipes does not freeze in winter. The 
specific gravity of alcohol varies with the amount of water 
present ; hence its purity may be determined by ascertaining 
Its density. It is miscible with water in all proportions, and 
has even a great attraction for it, absorbing its vapor from 

359. By what means may the Tinoos fermentation be regulated or stopped ! 
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the air, and abstracting the moisture from membranes and 
other similar substances immersed in it. 

The flame of alcohol is of great use in chemical investi- 
gationsy as it deposits no carbon or any other foreign sub- 
stance on bodies exposed to its heat. Its solvent powers are 
also of great use, and it is employed to dissolve resins, oils, and 
other bodies not acted on by water. Wine, beer, &c., owe 
their intoxicating properties to the alcohol which they con* 
tain, the quantity of which in these liquors varies very much. 
Port and sherry, and some other strong wines, contain from 
19 to 25 per cent, of alcohol, while in the lighter virines c^ 
France and Germany, it sometimes falls as low as 12 per 
cent. Beer, porter, &c., contain from 5 to 10 per cent. 

361. Brandy is a constituent of all liquors containing alco- 
hol, and, by itself, it is a mixture of of alcohol and water. If 
a little port wine, for example, be distilled at a moderate 
heat, brandy will be distilled over separate from the other 
constituents of the wine, and, by subsequent distillation at a 
still lower heat, the alcohol of the brandy may be separated 
from its water. It is, therefore, like alcohol, colorless in its 
pure state. Its ordinary yellow or red color is obtained 
from the coloring matter of the new oaken casks in which it 
is kept A little burnt sugar is sometimes added to improve 
its tint, or to give it the desired color when it does not acquire 
a tint from the cask in which it is kept. 

Each variety of alcohol has an aroma characteristic of the 
substance from which it was obtained, whether it be grapes, 
cherries, sugar cane, rice, corn, or potatoes. Even that from 
different growths of the vine may be distinguished. 

362. Rum is distilled from the sugar cane. After most 
of the juice has been pressed out ^r making sugar, what 
still remains in the bruised cane is extracted by water, and 
this watery solution of sugar is fermented and produces rum. 
Both the fermenting and the flavoring principle reside chief" 
ly in the fresh caoe-juice, for they are dissipated to a great 
extent by boiling the sirup. Spirits distilled from West In« 
dia molasses are perfectly free trom any flavor of rum. Rum 
is yielded in very large quantities even from the v>ash of the 
cane, owing to the great amount of sugar which it contains. 

363. Gin is distilled from rye. To every 100 gallons of 
» - ■ ■ • . -i 

360. Mentioa some of the properties of pure alcohol. 

361. Of whiit is brandy composed ? In what way may the difference be. 
fween port wine, brandy, and alcohol be shown ? To what is the color of 
brandy owinjj ! What is sometimes added to improire iti tint ? 

362. How IS rum roanufacmred I 
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the liquor thus formed, two pounds of juniper berries, from 
three to five years old, are added, to which is owing the pe- 
culiar flavor of gin. About one-quarter pound of salt is 
added at the same time, and the whole is put into a still, and 
the spirit distilled over by a gentle and well regulated heat. 

364. Cider is best obtained from bitter apples, which 
afford a denser juice, richer in sugar, which clarifies well, 
and when fermented keeps a long time. The juice of sweet 
apples is difficult to clarify, and that of sour apples makes 
bad cider. Late apples are in general preferred. After 
these are gathered, they are kept for about fifteen days to 
become mellow, which diminishes their mucilage, and de- 
velops alcohol and carbonic acid. The fruit should be gath- 
ered in dry weather. Much water is contained in the juice 
of apples. There is also found a little sugar analogous to 
that of the grape, a matter capable of causing fermentation 
in contact with the air, a pretty large proportion of mucil- 
lage, with malic and acetic acids. 

SECT. I. 4. CONVERSION OF ALCOHOL INTO ETHER. 

365. When an ounce of alcohol is mixed with an equal 
quantity of sulphuric acid, the latter takes from the alcohol 
1 eq. of water, and the alcohol is converted into ether : 

C4Hg02=alcohol. 

Divide this formala into C4HC0-f HO. 

C4H50=Ether. 

(distilled ftom sulph. acid and alcolioL) 

H0= Water. 

(uttee with salph, acid.) 

Ether, when pure, is a colorless transparent liquid, of a 
peculiar taste and odor. Its specific gravity at 60° is about 
0-720. It boils at 96**. At 46° below zero it freezes, and 
shoots into crystals. When dropped on the hand it occa- 
sions a sharp sensation of cold, from its rapid evaporation. 
It is more combustible, and burns with the evolution of more 
light than alcohol. It is exceedingly volatile, and the mix- 
ture of its vapor with the air is highly explosive. For this 
reason bottles containing ether should never be opened near 

363. How is gin obtained ! 

364. What kind of apples afford the best cider ! Why are bitter apples to be 
preferred to sweet or to sour apples 7 

365. How is alcohol converted into ether* State some of the properties of 
of ether. 



ELEMBNT8 OF CHBMISTBT. 



a flame, as the mixed ur and ether vapor within might ex- 
plode and blow up the Kbttle. The same precautions 
should he obsenred with regard to alcohol, and the com- 
pounds of alcohol and turpentine (burning-fluid, spirit-gas, 
chemical oil, &c.) When ether vapor is mixed with oxygen 
and fired, it explodes with the utmost violence. When kept 
in an imperfectly stopped vessel, ether becomes acid, produ- 
cing acetic acid by absorbing oxygen from the air. This 
attraction for oxygen is increased by elevation of tempera- 
ture. Ether is miscible with alcohol in all proportions, but 
not with water. It dissolves only to a small extent in water 
(10 of water to 1 of ether,) and may be separated from 
alcohol by the addition of water. In this manner commer- 
cial ether may be examined. The solvent powers of ^lier 
are much less than those of alcohol or water. It is, how- 
ever, of considerable use in organic chemistry in dissolving 
many oils and fatty substances. It also dissolves phosphorus 
to a small extent, and a few saline compounds, and some 
organic principles. 

SECT. I. 5. ACTION OF HEAT ON VEGETABLE TISSUE. 

366. Among the products obtained when wood is sub- 
jected to dry distillation, are : (1.) Charcoal, which remains 
behind after the volatile portions are driven ofl*; (2.) A mix- 
ture of carburetted hydrogen, carbonic acid, and carbonic 
oxide gases, which are always produced in the manufacture 
of illuminating gas ; (3.) Wood- vinegar, or pyroligneous 
acid; (4.) Wood-tar^ a thick brown resinous liquid. Of 
these products, charcoal and illuminating gas have been 
already considered; wood-vinegar and wood-tar alone re- 
main to be described. 

367. Wood-vinegar, pyroligneous acid. One pound of dry 
beech wood yields nearly half a pound of pyroligneous 
acid. It its crude state it has a brownish black color, owing 
to the tar which it holds in solution, and a smoky odor, to- 
gether with a very acid and disagreeable flavor. When 
purified it furnishes a strong acetic acid, which on account 
of its cheapness, is now much used in the preparation of 
acetates, particularly such as are employed m calico print- 
ing, and in dyeing. It possesses powei-ful antiseptic prop- 
erties. Fresh beef dipped in pyroligneous acid in the sum- 
mer season, for the space of only a minute, was perfectly 

366. Mention some of the products obtained by the distillation of wood. 
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sweet in the following spriiie^ Fish were preBerred by 
being sprinkled with salt, th^ drained and immersed in 
pyroligneous acid for a few seconds. The same effect is 
produced by soaking these substances in pyroligneous acid 
for a short time as by suspending them for months in smoke. 
. Wood-vinegar owes its antiseptic properties to a pecu- 
liar substance called creosote; one pound of wood -vinegar 
contains a quarter of an ounce of creosote in solution. 
Pure creosote is a colorless oleaginous liquid, gradually be- 
coming brown by age, and of an oily consistence. It has a 
strong smell of smoke, and a burning taste, which disor- 
ganizes the tender skin of the tongue or the mouth. When 
taken internally it is a powerful poison. When applied for 
the toothache it is usually mixed with oil of cloves, and also 
with alcohol, otherwise its action would be too corrosive. 
No antidote is known to the poisonous effects of creosote, 
but its presence is easily detected after death by its peculiar 
and penetrating smell. 

368. ChloT(^orm^ C2HCI3. When pyroligneous acid is 
very slowly distilled, a spirituous volatile liquid, very similar 
to brandy, first passes over, which is called pyroxilic^ or 
taood'Spirit, Chloroform is obtained by distilling wood-spirit 
with chloride of lime. It is a limpid, colorless liquid, vola- 
tile, and having a bland ethereal odor, and a hot, aromatic, 
sweet taste. Its density is 1*599, and it boils at 14i<^. It is 
nearly insoluble in water, and is not affected by concentrated 
sulphuric acid, but dissolves readily in alcohol and ether. 
It 18 lighted with diflSculty, and bums with a green flame. 
Chloroform has extensive solvent powers, being capable of 
dissolving caoutchouc, gutta percha, lac, amber, and copal, 
substances which resist most other solvents. It also dissolves 
iodine, bromine, the organic alkalies, volatile oils, resins, wax, 
and fats. The principal use of chloroform is in medicine, 
where it is. used both externally and internally. It is most 
commonly inhaled, when it produces a loss of consciousness, 
especially a total insensibility to the agents which ordin||-ily 
produce acute pain. This insensibility is generally pro- 
duced in one or two minutes, and continues for five or ten 
minutes ; but the effect may be kept up for many hours, by 
renewing the inhalation from time to time. The use of 
chloroform is followed by a drowsy state, or by quiet sleep, 

367. What in said of pyroligneous acid ! To what does this acid owe its 
antiseptic properties ? State some of the properties of creosote. 

366. Write the composition of chloroform. How is this substance produced ! 
Mention some of its propertie$ ;— «0{ne of iti uses. 

23 
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sad no recoBeclion is retained of any^ing that occurred 
during the state of insensibility. Bromine and iodine form 
two analogous compounds, bromi/arm C^HBr, and ioda^ 
farm C^KU. 

369. Wood-tar is of a resinous nature, being, like the 
resins, insoluble in water, though soluble in alcohol. It if 
¥ery rich in carbon, as is, in some degree, indicated by its 
black color. On distillation it separates into a volatile oil 
(oil of tar,) and a black pitch, which is not volatile. When 
ships are calked or tarred, the tar undergoes a similar 
change, the oil volatilizes, and the pitch hardening in the 
porea of the wood, prevents the penetration of water. The 
wood is kept dry by this process, and, therefore, is less 
liable to decay. It is also preserved by the creosote which 
the tar contains, 

SECT. I.— 6. CONVERSION OF VEGETABLE TISSUE INTO HUMUS. 

370. A soil may be considered as a magazine of inor- 
ganic matters, which are prepared by the plant to suit the 
purposes of its nutrition. Some soils, as those of new and 
allu\'iaL countries, contain vegetable matter in large propor- 
tion, and as these have been found eminently adapted lor 
the cultivation of most plants, thc^r fertility has been as- 
cribed to this organic matter in a state of decay. To this 
matter the term vegetable mouldt or humust has been ap- 
plied. The chemical process which takes place in the de- 
cay of vegetable tissue, very much resembles those changes 
which wood undergoes in combustion, except that it takes 
place far more slowly. What is effected in combustion in 
minutes, is produced by decay only in the course of years. 
In combustion the constituents of the wood« by uniting with 
the oxygen of the air, are converted into carbonic acid and 
water. The same products are also formed in the decay of 
wood. In combustion, as well as in decay, the wood as- 
sumes a darker color, because, in both cases the hydrogen is 
oxidized more rapidly than the carbon, and the carbon 
which remains covers the burnt or decayed surface with fii*st 
% brown and then a black color. 

Plants grow more vigorously in a soil abounding in humuSa 

369. What is said of wood tar ? 

370. What is the ^ature of 9 soil ? What do the soils of new and allaTial 
countries usually contain ? Wb^t is meant by the term humus ? In what res- 
piectbs does the process of decay resemble that of combustion 7 Why do plants 
^W IwzujiiM^tly in »soi))|boundin^ ip |i}imus 7 Why does a great excess of hu- 
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because thej find there carbonic acid and water, which are 
the prodacts of the decomposition of vegetable mould, and 
which are indispensable to their growth. Humus exerts 
also a beneficial action upon vegetation, because it possesses 
the power of attracting moisture from the air, and of re- 
taining it for a long time ; and because, by means of the 
acids contained in it, it is able to abstract from the air, and 
also from manure, the third means of nutrition for plants 
'—ammonia. 

' An injurious effect is however produced, when there is 
more than 50 per cent, of organic matter in the soil. In 
this case it becomes what is called «o»r, and produces 
nothing but poor wiry grass. In boggy and peaty soils the 
proportion is sometimes as high as 70 per cent. In such 
[anas certain organic acids are generatCMl, which are very 
injurious to plants. On the other hand, a soil that contains 
less than one-half per cent, of organic matter, will scarcely 
support vegetation. In the best soils the proportion does 
not average 5 per cent., and rarely exceeds 10 or 12. Oats 
and rye will grow upon land containing only I to 1^ per 
cent., barley where 2 or 3 per cent, are . present, and good 
wheat soils contain in general from 4 to 8 per centi ; if very 
stiff and clayey, the proportion rises sometimes as high as 
10 to 12 per cent. 

The amount of humus, or decayed vegetable matter, in a 
soil, is not diminished but increased by vegetation, where the 
products of vegetation are not removed.. Thus the leaves 
of forest trees, and other forms of vegetation, which are 
nourished chiefly by the carbonic acid of the atmosphere« 
and that conveyed to the plant through the roots with tha 
rain-water in which it is dissolved, add an annual deposit of 
humus to the soil. The quantity of this, therefore, increases 
from year to year, if the ground is not disturbed^ and this 
is the chief cause of the fertility of new lands. 

SECT I. 7. OILS AND FATS. 

37 i« The vegetable and animal fats agree so closely, that 
it will be convenient to consider them under one head. The 
vegetable fats are usually found in seeds or fruits ; animal fats 
in a cellular membrane, called adipose tissue. The leaves 
of many plants are varnished on their upper surfaces with a 

mas produce an injurioas effect. What effect has regetation upon the amount 
of liurous in a soil where the regetation is not removed t 
371. What is said of the sources of animal and vegetable faU ! Into what 
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coreriog of wax and fat. Plants of die order cmcifersB 
(miutard, radiab, water-cress, &c.,) are especially oil-bear- 
ing species. Oily bodies are divided into volatile and fii^ 
ed. The former are capable of being distilled without 
decomposition ; the latter are not. When dropped or spread 
on paper, they all leave a greasy stain, which aisappears on 
applying heat, if caused by a volatile oil, but remains if pro- 
duced by a fixed fatty substance. All these bodies have an 
attraction for oxygen, which, in som"^ cases, is so great as te 
occasion spontaneous inflammation. Large masses of cotton 
and flax have taken fire from being moistened with rape or 
linseed oil (104.) The effect of this absorption of oxygen 
leads to a farther classification of the fixed oils into drying 
and mm-drying oiUf or those which become hard and resin^ 
ous on exposure to the air, and those which thicken slightly, 
become sour and rancid, but never solidify. To the first 
class belong the oils used in painting, as linseed, rape, poj^y- 
aeed, and walnut ; and to the second, olive and paun oils, 
and all the oils and fats of animal origin. 

372. The fixed oils in general have but a feeble odor, and 
scarcely any taste. Whenever an oil possesses taste, it is 
invariably found to contain some volatile oily principle, as 
that of common butter. All the fixed oils are insoluble in 
water, and, with the exception of castor oil, but slightly 
soluble in alcohoL In ether, and in other essential oils, they 
dissolve in large quantity. The consistence of these substan« 
ces varies from that of the thinnest olive oil to that of com- 
pact suet. This diflerence proceeds from the variable pro« 
poition in which the solid and fluid principles are associated 
m the natural products. All these bodies may in fact be 
separated by mere mechanical means, and by exposure to 
cold, into two or three different substances, which dis- 
solve or mix with each other in all proportions. Thus olive 
oil exposed to a cold of 40®, deposits a large quantity of 
crystaline solid fat, which may be separated by filtration or 
pressure. This is termed margarine,* from its pearly as- 
pect. That portion of oil which^ retains its fluidity at this, 
or even a greater cold, has received the name of oleine, or 

* Latin, mof^arito, a pearl. 

are oily substances divided 1 What is said of the attraction of oils for oxygen ! 
Into what two classes are the fixed oils divided ? 

372. Mention some of the properties of the fixed oils. What is margarine t 
— oleine ?— stearine ? In what way may these bodies he saponified ? If the 
»oap thus formed is decomposed by the addition of aoid, in what state w the fal 
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darne. Still another fatty principle has been obtained from 
wild animal fats, by pressure between the folds of blotting 
paper. The paper becomes impregnated with a permit 
nently fluid oil, or oleine, while the solid part is found to 
consist of two solid fats, one resembling the margarine of 
olive oil, and the other having a much higher melting point, 
and other properties which distinguish it from that sub- 
stance. This is called stearine. 

When stearine, margarine, and oleine, are boiled with a 
strong solution of caustic potash or soda, they generally com- 
bine with these alkalies, and form soap. If acid be added 
to the soap thus formed, the acid takes the alkali and decom- 
poses the soap. The fat which separates is found to have 
completely changed its character, having acquired a strong 
acid reaction when applied in the melted state to test-paper, 
and having become soluble with the greatest facility in warm 
alcohol. It is in fact a new substance, a true acid, capable 
of forming salts. This acid has been generated out of the 
elements of the neutral blunder the ipfluence qfthebase^ 
Stearine, when thus treated, yields stearic acid, margarine 
margaric add', oleine oleic acid. Common animal fat gives 
a mixture of these three acids. Besides these acids produ- 
ced in the process of saponification, a very peculiar sweet 
substance, called glycerine, remains in the solution after the 
acid has been removed. 

373. Stearine and stearic acid. Pure stearine is most 
easily obtained by mixing purified mutton fat, melted in a 
glass flask, with several times its weight of ether, and suffer- 
ing the whole to cool. Stearine crystalizes out while marga- 
rine and oleine remain in solution. The soft, pasty mass, 
may then be transferred to a cloth, strongly pressed, and the 
solid portion still further purified by recrystalization from 
ether. It is a white, friable substance, insoluble in water, 
and nearly so in cold alcohol. Boiling spirit takes up a small 
quantity, and boiling ether dissolves it very easily, but when 
cold retains only ^ Jj of its weight ; hence, the process above 
given for obtaining stearine. The melting point of stearine, 
which is one of its most important physical character, is 
about 1430. 

Stearic acid crystalizes from hot alcohol in milk-white nee- 
dies, which are inodorous, tasteless, and quite insoluble, in 

obtained X How hfts the acid fat been produced ! What thre^ acids are in 
tbi^ way formftd from stearine, margnrine^ and oleine? What 0ab8tance re- 
mains in the aolutiuo after these aoidH have lieen withdrawn? 
^373. How is pure tteaiine most easily obtained ? Mention some of its prop- 

23» 
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water. It is harder and more brittle tban wax, and melts at 
158^. It dis^lves in its own weight of cold alcohol, and io 
all proportions at a boiling heat. It is also soluble in ether. 
Alkaline carbonates are decomposed by stearic acid. It may 
be volatilized in a vacuum without change. Stearine (stearic 
acid) candles are now manufactured on a large scale. They 
have become of late so popular, that large factories have been 
erected for their preparation. The wick of these candles is 
plaited upon a braidmg machine, moistened with very dilute 
sulphuric acid, and dried. Wick prepared in this way is 
found to fall one side as it bums, and to consume entirely 
without requiring to be snuffed. The formula for stearic 
acid is CcgHflcOs, 2H0. 

374. Oleine and oleic acid. It is doubtful whether a per- 
fectly pure oleine has yet been obtained ; the separation of 
the last portions of margarine, with which it is always associa-' 
ted, is extremely difficult. Any fluid oil, animal or vegeta* 
ble, which has been carefully decolorized, and filtered at a 
temperature approaching the freezing point of water> may 
be taken as a representative of this substance. 

Oleic acid in its external appearance is hardly to be dis- 
tinguished from olive oil, but it differs from this oil in having 
an acid taste and reaction, and in readily dissolving in cold 
alcohol. The oleic acid produced in stearic acid factories 
from tallow, as a secondary product, is frequently an article 
of commerce, l>eing employed on account of its cheapness in 
the manufacture of soap, and in greasing wool for spinning. 
It melts at about 39^, and gives rise to a class of salts. The 
formula for oleic acid is CseHjsO^vHO. The following 
table contains the proportions of oleine and stearine in some 
of the most common fats : 





Oleme, 


Stearmtk 


Fresh butter in summer, 


60, 


40. 


•* " in winter. 


37, 


63. 


Hogs' lard, 


62, 


38. 


Ox marrow. 


24, 


76. 


Goose fat. 


68, 


32. 


Duck fat. 


72, 


28. 


Ox tallow, 


25, 


75. 


Mutton suet. 


26, 


74. 



375. Margarine and rmrgarlc acid. Margarine very 

cities ;— of stearic acid. Wliat use is made of sUaric acid ? Write the for 
mula fur stearic acid. 
374. What is said of oleine ?— oleic acid ! Write the formula for oleic acid. 
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much resembles stearine ; it is however more fusible, melt- 
ing at 113^, and very much more soluble in cold ether. 
Margaric acid closely resembles stearic acid ; it differs in its 
composition, has a lower melting point (about 140^), and is 
more soluble in spirit. Its composition is C34H33O3, HO. 

376. Batyrine a^d butyric acid. Common butter consists 
chiefly of a solid, crystalizable, and easily fusible fat, a fluid, 
oily substance, and a yellow coloring matter, besides mechan- 
ical impurities as caseine (409.) The oil^ part appears to 
be a mixture of oleine and a peculiar odoiiferous principle, 
called huiyrinCi not yet isolated, which by saponification 
yields three distinct volatile acids, the butyric^ the capric, and 
the capraic. These acids are easily separable by the unequal 
solubility of their baryta salts. Caprylic and vacdnic are 
the names of two other acids also found .in butyrine. Buty- 
Hc acid is a colorless, oily liquid of a sour taste, and an odor 
resembling old and rancid butter, in which it is probably 
present. It has a density of 0*963, dissolves in all propor- 
tions in water, acids, alcohol, ether, and oils, and reaaily dis- 
tils without decomposition. Capric and caproic acids great- 
ly resemble butync in properties, but are less soluble in 
water. 

377. Wax. Common bees-wax, freed from its yellow col- 
oring matter by bleaching (p. 49), may be separated by boil- 
ing alcohol into three different principles, nerine, merycine, 
and ceroline. Cerine is a white, crystahne substance, soluble 
in about 16 parts of boiling spirit, and melting at 172^. This 
is more abundant than the other two principles. Merycine 
is much less soluble in alcohol, and melts at 162^. 

Wax occurs in small quantities in all plants, especially in 
the shining coating of the leaves, stalk, and fruits. It is very 
apparent in the skin of apples, and the pollen of flowers. 
Some plants of Japan and South' America contain large 
quantities of wax, and from these it is extracted by boiling 
and pressure. This is found in commerce under the name 
of Japan wax. The wax myrtle grows in almost all parts 
of the United States. The benies of this plant, which grow 
in clusters closely attached to the stems and branches, are 
covered with a coating of wax. These are boiled in water, and 

375. What is said of margarine and margaric acid ? Write the formula of 
margaric acid- 

376. Of what does butter consist ? What is said of butyric, capric, and ca- 
proic acids ! 

377. Into what principles may wax be separated ! What is said of cerine 
and merycine ! What are some of the sources of wax ! 
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the wax melting and floating on the surface, is either skim- 
med off and strained, or allowed to concrete as the liquor 
cools, and removed in the solid state. To render it pure, it 
is again melted and strained, and then cast into large cakes. 
It is collected in New Jersey, but more abundantly in New 
England, particularly Rhode Island, whence it is exported 
to other parts of the country. 

378. Cetine^ spermaceti, is obtained from the head of the 
spermaceti whale. The soft, solid matter found here is sub- 
jected to pressure, by which it is separated into a fluid oil, 
and a crystaline, browniuh substance. The latter when pu- 
rified, becomes the snow-white spermaceti of commerce. It 
melts at 120^, and, when cooled under favorable circumstan- 
ces, forms distinct crystals. Boiling alcohol dissolves it in 
small quantity, and ether in much larger proportion. Cetine 
is saponified with great difficulty. Two products are ob- 
tained, ethal and etkalic acid. The first is a crystalizable 
fat, whose melting point is nearly the same as that of the 
spermaceti itself, but its solubility in alcohol is much greater. 
It is readily sublimed without decomposition. Ethalic acid 
resembles in many respects margaric acid. Cetine is com- 
posed of C32H3202* 

Common oil contains a little mucilage, which it is extreme- 
ly difficult to separate. This in burning, being a bad com- 
bustible, gathers around the wick and dims the light, render- 
ing it necessary to trim all kinds of lamps more or less fre- 
quently. The purpose served by the wick of a lamp is, not 
merely to draw up the fluid, but to raise the temperature of 
the oil to that of combustion. In the coarser oils or fiits, 
this elevation of temperature is not sufficient to consume 
them entirely, and hence, as in tallow candles, the soot is de- 
posited on the wick. Wax is a better combustible than tal- 
low, and, therefore, it bums with a smaller wick, so that the 
little foreign matter which gathers on the wick, weighs it 
down till It falls ofl* together with the burnt part of the 
wick. 

Fat forms about ^^ part of the weight of a healthy animal. 
It varies in consistence, color, and smell, according to the 
animals from which it is obtained. It is generally found flac* 
cid in the cetaceous tribes, soft, and rank-flavored in the car- 

378. Whence is cetioe obtained ? Mention some of its properties. What 
twoprodacis are obtained by its saponification ? What is said of ethal and 
ethalic acids \ Write the formula for cetine. What impurity does common 
Oil coatain T What eflfect has this upon the combastioo of the oil ? What is 
the purpose served by the wick of a lamp ? Why do not wax candles require 
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niverous, solid, and nearly scentless in tbe ruminants, usuall j 
white and copious in well-fed young animals, yellowish and 
2iiore scanty m the old. 

8BCT. I.— >8. VOLATILS 0IL8. 

379. The odors of plants are due to the gradual evapora- 
tion of volatile oils, which are sometimes exceedingly dif- 
fused or diluted. Thus one hundred pounds of fresh roses 
or orange blossoms, contain scarcely a quarter of an ounce 
of the fragrant oil. These oils sometimes pervade the whole 
plant, and sometimes are confined to a single part. In some 
instances they ai-e contained in distinct cellules, and in oth- 
ers formed upon the surface, as in many flowers, and exha- 
led as soon as they are formed. Occasionally two or more 
are formed in different parts of the same plant. Thus the 
orange tree produces one volatile oil in its leaves, another in 
its flowers, and a third in the peel of its fruit. In a few in- 
stances, when existing in distinct cellules, they may be ob- 
tained by pressure, as from the peel of the lemon and the 
orange, but they are generally procured by distillation with 
water. 

Their boiling points are always higher than 212^, but at 
this temperatui-e their vapor is so dense, that when carried 
over ana condensed with the steam, a milky, or turbid liquid 
is obtained, which gradually separates into oil and water. 

Sometimes the oil is heavier than water, and sinks to the 
bottom, and sometimes the reverse happens. A few are 
solid at the ordinary temperature, several become so at 32^, 
and many remain liquid considerably below this point. Heat- 
ed in the air, the volatile oils take fire, and bum with a bright 
flame, attended with much smoke. Exposed at ordinary 
temperatures to the air, they absorb oxygen, assume a deeper 
color, and become thicker and less odorous. They are in 
this way ultimately converted into resin. This change takes 
place most rapidly under the influence of light. 

When pure, the volatile oils are colorless, but they are, 
usually, yellowish and sometimes brown, red, green, and 
even blue, from the presence of impurities. They have a 
strong odor, resembling that of the plants from which they 
were procured, though generally less agreeable. Their 

to be trimmed ? What part of the weight of a healthy animal is fat ? What 
is said of the different kinds of fat ? 

379. To what are the odors of plants owing? Is what state are these rola- 
tile oils ? How are they generally procured 7 Mention some of the properties 
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tute is pungent and burning. They mix in all prc^tcioiis 
with fat oi&» and diasolve neely in both ether and alcohoL 
From alcohol they are precipitated by the addition of water. 
They resist saponification completely. Any fixed oil with 
which they may. be adulterated, may be detected by putting 
a drop on paper. The grease spot will disappear, if the vol- 
atile oil is pure, on warmine the paper, but if fixed oil be 
present the spot will remain. The volatile oils are very 
slightly soluble in water. When agitated with water they 
render it milky, and when they separate on standing the 
water still retains their odor and taste. This effect is pro- 
duced in the highest degree when the oils or the plants from 
which they are obtained are distilled with water. 

Like the fixed oils, the volatile oils consist of distinct prin- 
ciples, which are congealed at diffisrent temperatures, and 
mav be separated by compressing the frozen oil between 'the 
folos of bibulous pa^r. The solid matter remains, within 
the folds, and the fluid is absorbed by the paper from which 
it may be separated by distillation with water. The solid 
portion is called stearopten^ and the liquid daoptene. The 
former often crystalizes out of certain volatile oils on stand- 
ing. It differs in abnost every case. The volatile oils are 
exceedingly numerous ; some of the more common are ar- 
ranged beneath in groups according to their constitution : 

1. Yolatile oils containing carbon and hydrogen : 



Turpentine, 

Citron, 

Copaiva^ 



Btorax, 
Bergamotte, 
Cttbebs, &(s. 



2. Volatile oils containing carbon, hydrogen, and oxygen: 



Bitter almonds, 

Cajeput, 

Lavender, 

Rosemary, 

Peppermint, 



Cinnamon, 
Pennyroyal^ 
Valerian, 
Spearmint, 
Camphor, &c. 



3. Volatile oils containing sulphur ; 

Black mustard, I Onions, 

Horse radish, | Asafcetida. 

380, Class L Oil of turpentine, CaoHjc may be taken 
OS a representative of this class. It is obtained by distilling 

lh«r' he**^*i^^?^ *'*"** ^"^^ prmciplfis do rol«t){B oMn consist | How may 
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mitSe turpentine, which exudes from yarious pinea and fiirsy 
or flows from wounds made for the purpose in the wood. 
This is now obtained chiefly from the woods of North Car- 
olina and Virginia. During the winter months excavations 
of the capacity of about three pints are made in the trunk 
of the tree, three or four inches from the ground. Into 
these the juice begins to flow about the middle of March, 
and continues to flow throughout the warm season, slowly 
at first, rapidly in the middle of summer, and more slowly 
again in ihe autumnal months. The liquid is removed from 
these excavations as they fill, and transferred into casks, 
where it gradually thickens, and ultimately acquires a sofb 
solid consistence. Very large quantities are thus annually 
produced, sufficient not only to supply the whole consump- 
tion of this country, but also to furnish a valuable export. 

When this crude turpentine is distilled, the solid product 
left behind is common resin. When pure, oil of tui^entine 
is perfectly limpid and colorless, of a strong, penetrating, 
peculiar odor, and a hot, pungent, bitterish taste. Its den- 
sity, in the liquid state, is 0*865, and that of its vapor 4*764. 
It boils at 312<^. Strong sulphuric acid chars and blackens 
this substance, and concentrated nitric acid and chlorine 
attack it with such violence, that inflammation sometimes 
ensues. With hydrochloric acid oil of turpentine forms a 
compound, which has been called artificial camphor, from 
its resemblance to that substance in odor and appearance. 
It is prepared by passing hydrochloric acid gas into the 
pure oil, cooled by a freezing mixture. After some time a 
white crystaline substance separates, which may be purified 
by solution in alcohol. The dark acid liquid from which the 
precipitate is separated, contains a similar but fluid com- 
pound. Diflerent specimens of the oil of turpentine yield 
/ very variable quantities of these substances, which may per- 
haps arise from the existence of two very similar and iso- 
.meric oils in the ordinary article. 

Oil of turpentine is very largely used in painting, and as 
a solvent for resins in making varnishes. These are made by 
dissolving resin in one of the volatile oils, generally turpen- 
tine, or in alcohol. As the varnish dries the turpentine 
evaporates, and the resin remains behind, and forms a hard 
coating, impervious to water. On account of its insolubility 

380. What do the oils of class first contain ? Write the dbmposition of the 
oil of turpentine. How is this oil obtained ! What is the solid product left be* 
bind from the distillation of the crude turpentine ! Mention some^f the prop* 
enies of (be oil of turpentine ;^-some of its uses. 
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in water, remn may be precipitated from its alcoholic aola- 
tions by the addition of water, in the form of a dense wlnte 
cloud. 

381. Class 11. The essential mis of this class are very nn- 
merous. Two of the most important of these are the oil of 
bitter almonds, and that of cinnamon. 

Oil of bitter almonds is prepared in large quantities by 
distillbg with water the paste of bitter almonds, from whid 
the fixed oil has been expressed. It did not pre-exist in the 
almonds, being entirely wanting in the fat oil which is express- 
ed from the fruit, but it is formed within the seed during the 
process of distillation. It may be purified by distillation 
with protochloride of iron and with hydrate of lime in excess. 
It is a colorless liquid of an agreeable odor, somewhat heay- 
ier than water. In water it is but slightly soluble, though 
very soluble in alcohol and ether. It boils at 356^. Pure 
bitter almond oil is probably not poisonous, but the common 
oil used to flavor puddings, custards, &c., often contains pms- 
sic acid ^388), and is, therefore, highly dangerous. Its com- 
position IS C 1 4 H 0O2. 

Oil of cinnamofi is prepared from cinnamon of the best 
quality. This is crushed, infused twelve hours in a saturated 
solution of common salt, and the whole subjected to a rapid 
distillation ; water passes over milky with essential oil, which 
after a time separates. It is collected and left for a short 
time in contact with chloride of calcium, to remove com- 
pletely the water. This oil is heavier than water and sinks 
to the bottom of the receiver in which the distilled products 
have been collected. Its composition is C18H8O2. It is a 
fragrant and costly perfume. 

Camphor is a solid oil or f{it of this class. Like the other 
volatile oils it is vaporizable without change at a moderate 
heat, nearly insoluble in water, and soluble with facility in 
spirit. It is not confined to any one species or even gesiixm 
of plants. Though not an abundant principle, it is widely . 
dimised. It comes chiefly from Japan, where it is obtained 
from the wood o^ihelaurus camphorat or camphor tree, by dis- 
tillation with water in large iron pots, with earthen caps stuffisd 
with straw. The camphor sublimes and concretes upon the 
straw. Small quantities have also been distilled from thyme. 



381. What 18 said of the essential oils of class second ? How is the oil of 
bitter almonds prepared I State the properties of this oil Write its oompoaU 
Uon. How *« the oil of cinnamon prepaied ? State its properties* and write 
Its formula. What is camphor? What are ito properties t Whepce is cam* 
pbor obtained? Write its formula, ^ 
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sage, and odier aromatic plants. It is deposited in conjsid- 
erable quantities by some volatile oils after long standing. 

Camphor possesses a very singular reaction with water and 
with the other volatile oils. If a small piece be placed on 
the surface of a basin of pure water, it will immediately be- 
gin to move round with great rapidity, but a single drop of 
any odoriferous liquid poured into the basin, will instantly 
stop this motion. Camphor contains C 2 qH 1 6^2 • 

382. Class iii. Oil of black mustard is obtained by distilla- 
tion from black mustard seed, or the unripe grains or corns 
of pepper. The volatile oil does not pre-exist in the seed, 
but is lurmed during the distillation. When pure, the dis- 
tilled oil is colorless, and has a most powerful and suffocating 
smell, and a density of 1*015. It boils at 289^. Water dis- 
solves it in small quantity, and alcohol and ether very freely. 
The oil itself, at a higher temperature, dissolves both sul- 
phur and phosphorus, and deposits them in a crystaline form 
on cooling. It is oxidized with violence by nitric acid and 
by aqua-regia. Alkalies decompose it by the aid of heat. 
Mustard oil contains C 3 H 5 NS 2 . 

^ SECT. I. — 9. RESINS AND BALSAMS. 

383. Common resin or colophony, furnishes, perhaps, the 
best example of this class. It contains three bodies having 
acid properties, called pinic, sylvic, and pinarie acids. Pure 
sylvic acid crystalizes in small, colorless, rhombic prisms, 
insoluble in water, soluble in strong and hot alcohol, in vol- 
atile oils, and in ether. It melts when heated, but cannot be 
distilled without decomposition. The properties of pinic 
acid are similar. Both these have the same composition, 
C40H30O4. Pinaric acid is also isomeric with the prece- 
ding acids. 

white resin is the residue which remains from the evapo- 
ration of turpentine. In this process two different operations 
are going on at once ; a part of the volatile oil of the turpen- 
tine evaporates, and occasions the peculiar smell of the pine 
forests, but another part attracts oxygen from the air, and is 
converted into resin. 

384. Lac is a substance very similar to wax in the manner 
of its formation ; it is the product of an insect which collects its 

382. How is the oil of black mustard obtained? What is said of this oil ! 
Wiite its fonnola. 

383. What three acids does common resin contain t What is said of sylvic 
and pinic acids t Write the composition of these acids. How is white resia 
obtamedf 

24 
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inp^redients from flowers. It is formed into ce1Is» fabricated 
with as much skill as those of die honey comb> but differently 
arranged. It is a very yaluable resin, much harder than colo- 
phony, and easily soluble in alcohoL Lac is used in varniahea 
and in the manufacture of hats, and very largely in the prep- 
aration of sealing wax, of which it forms the chief ingredient. 
Crude lac contams a red dye, which is partly soluble in wa- 
ter. A hot solution of borax dissolves lac in considerable 
quantity. By rubbing India ink in this solution, a label ink 
may be formed, which will be unaffected b;^ acid vapors, 
and, when once dry, becomes nearly insoluble m water. 

385. Caoutchouc, India rubber, is a nnlk white juice which 
exudes from several large trees of South America and the 
East Indies. The ^cus elasticus or the caoutchouc tree of 
Assam, is larger than any other tree in the extensive forest 
where it abounds, and may be distinguished from the other 
trees at a distance of -several miles, by its dense, huge, and 
lofty crown of foliage. The main trunk of one which was 
carefully measured, was found to have a circumference of no 
less than 74 feet, and, as this tree is one of the banyan fam- 
ily, the girth of the main trunk, with the supports immedi- 
ately around it, was 120 feet. The area covered by the ex- 
landed branches, had a circumference of 610 feet. The 
eight of the central tree was 100 feet. Of these trees it is 
estimated that there are no less than 43,240, within a length 
of 30 miles, and breadth of 8 miles of forest, near Feroze- 
poor in Assam. Though the geographical range of this tree 
m Assam is confined to a few deg^rees of latitude, it occurs 
on the slopes of hills, up to an elevation of probably 22,500 
feet. Incisions are made in the tree through the bark to the 
wood, all around the trunk, and' also the large branches up 
to the very top of the tree, the quantity whichexudes increas- 
ing with the height of the incision. The juice is better when 
drawn from old than from young trees, and richer in the cold 
season than in the hot. It maybe safely extracted once 
every fortnight, but the bleeding is generally confined to the 
cold months, in order not to obstruct the vigorous vegetation 
of the tree in the hot months. About 46 lbs., or somewhat 
more, is reckoned as the average product of each bleeding 
of one tree, or 1,978,000 lbs. for 43,000 trees. This juice is 
composed of about half caoutchouc and half water. As it 
trickles from the incisions, it is collected in clay moulds of 

384. What is said of lac ? Mention some of its uses. 

385. Whence is caoutchouc obtained ! What is said of the caoutchone tra« \ 



I 
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various forms. A layer adheres to the clay, and dries on 
k, and severa] layers are successirely added. When suffi- 
cient thickness has been obtained, the mould is broken up, 
and shaken out o£ the solid caoutchouc. In this country, 
and in England, it is cut up, and manufactured into a great 
variety of articles. Its dark color is produced by being 
smoked. It is softened but not dissolved in boiling water, 
and is also insoluble in alcohol. In pure ether, rectified na- 
tive naptha, and petroleum (coal tar), it dissolves, and is left 
unchanged on tne evaporation of the solvent. Hence, in 
making India-rubber cloth, two surfaces of cloth are cement- 
ed together with a varnish made of caoutchouc dissolved in 
one of these liquids, and this forms a compound impervious 
to air and water. The caoutchouc is also sometimes dissolv- 
ed in oil of turpentine, which forms a viscid adhesive mass, 
drying but imperfectly. At a temperature a little above the 
boiling point of water, caoutchouc melts, but never after- 
wards returns to the firmer elastic state. Few chemical 
agents affect this substance ; hence its great use in the prac- 
tical operations of chemistry. Bags of it soaked in ether 
until they become gelatinous, may be distended by blowing 
to a very great size, and thus become useful for a great va- 
riety of purposes. When caoutchouc thread is used in the 
loom, it IS necessary that its elasticity should be removed un- 
til it is woven, and then restored. The thread is rendered 
inelastic and finer by the same process. It is first soaked in 
a tub of cold water, and then softened in hot water, and 
finally wound upon a reel turned quickly, while the opera- 
tor stretches the caoutchouc virith his hand, so that its length 
is increased 8 or 10 times. The reels when thus filled, are 
placed during some days in a cold apartment, where the 
thread becomeSi firm. This process renders the threads ine- 
lastic, but their elasticity when woven is easily restored by 
passing a hot smoothing iron over the tissue laid upon a table 
covered with blanket stuff. Ropes are sometimes made of 
the strongest of these threads braided with hemp. These 
ropes possess, after their elasticity is restored, *a strength 
double that of cordage of like diameter. 

For the method of uniting sheet India-tubber, see Appen- 
dix, under the head of " chemical processes." 

Threads of caoutchouc are readily united by paring the 

How is the juice obtained ? How is its dark color prodaced ? What are some 
of its properties and uses I How is caoutchouc manufactured into thread and 
cloth f 
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ends obliquely with scissors, and then pressing them together, 
taking care to admit no grease or moisture within the line of 
junction. 

386. Chitta percha is produced from several trees in tbe 
East Indies, especially worn the tree called percha^ found in 
the island of Singapore, and the countries adjacent. This 
tree is of considerable magnitude, with a trunk commonly 
three feet, and sometimes as much as six feet in diameter. 
The natives procure the gutta percha by the very wasteful 
mode of cutting down the tree, stripping off the bark, and 
then collecting the milky juice. Twenty or thirty pounds 
are thus collected from each tree. A much greater quantity 
would probably be obtained by simply tapping the tree, and 
thus preserving it for a future supply. This juice, like 
caoutchouc, coagulates on exposure to the air, and has the 
advantage over the latter substance, that, though quite hard 
when cold, it becomes soft and plastic by moderate heating. 

Gutta percha has a duU white or whitish color, and a feeble 
odor. It is tasteless, hard, almost homy at ordinary tempe- 
ratures, somewhat flexible in thin pieces, and very tenacious. 
At about 120^ it becomes softer and more flexible ; at 150^ 
or 160^ it is soft, very plastic, and capable of being welded 
and moulded into any form. In the softened state, which 
may be produced by hot water or by diy heat, it is readily 
cut with a knife, though with some difficulty when cold. 
Exposed to a heat of 330^, it loses a portion of water, and 
on hardening becomes translucent and gray ; but it recovers 
its original properties if immersed in water. Heated in an 
open vessel it melts, foams up, and takes fire, burning with a 
brilliant flame and with smoke. . 

By different processes gutta percha is made elastic like 
caoutchouc, hard like marble, and fit to spread on cloth, 
thick or thin. A table slab has been made of it, and long 
used without injury, having the external qualities of pol- 
ished marble. Utensils of various kinds, medallic and other 
ornamental impressions, casts, sheets, bands, cords, tubes, 
&c., may be made of it with great facility. It has also 
been introduced into surgery, in order to preserve limbs 
and joints in fixed positions. For this purpose gutta percha 
bands are prepared, two or three inches broad and -^ of an 
inch thick, which are first softened in warm water, and then 
applied to the limb. These bands soon harden, and form a 



3^* ^^®>^*^^ i^ Sutta pemh« obtained ? Mention some of its piopefties and 
uses. Write the composition of gutta percha and caoutchouc. 
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firm case for the limb. If a solution of ^ttapercba io bisul- 
phuret of carbon is spread over a wound, the liquid will soon 
evaporate, and the gutta percha hardening will form a pro- 
tection to the wounded part. One of the most important of 
the uses of gutta percha is in covering telegraph wir^, 
especially where this wire is conveyed under water. Its 
composition and that of caoutchouc are nearly alike : 

Carbon, Hydrogen. Spedjie gravity. 

Gutta percha, 87-8, 122, 0-9791. 

Caoutciouc, 87-2, 12-8, 0-9355. 



SECTION II.— THE AZOTIZED PRINCIPLES. 

SECT. 11. 1. CYANOGEN, FULMINIC ACID. 

387. Cyanogen, CaN, is prepared by heating cyanide of 
mercury (390.) to redness. This salt is decomposed into 
metallic mercury, and a colorless, inflammable gas, called 
cyanogen. It has a pungent and peculiar odor, and burns 
with a beautiful purple, or peach blossom flame. At the 
temperature of 45°, by a pressure of 36 atmospheres, it 
condenses to a thin, colorless, transparent liquid. Water ab- 
sorbs 4 or 5 times its volume of this gas, and alcohol a much 
larger quantity, but the compound thus formed is rapidly 
decomposed. Its specific gravity is 1-806, its symbol (5y. 

Cyanogen, though a compound, like the organic radicals 
(p. 232) unites with the elements exactly in the same manner as 
though it were an element. Though not a simple body in its 
composition, yet as it is simple in all its relations, it may be 
considered as coming under the third law of affinity, p. 61| 
"that simple bodies unite only with simple and compound 
with compound bodies. " In its relations to other bodies, it 
is so closely related to the elements chlorinci iodine, bromine, 
and fluorine, that it is sometimes classed with these bodies. 
Like these bodies it forms with hydrogen an acid, hydrocy^ 
ante or prussic acid, and like tbem also it unites with the 
metals forming protocyanides and percyanides. 

388. Hydrocyanic or prussic add, HCy, or H+C2N, 



387. Write the tymbolof cyanogen. How is this gas pr«>paredt Mentian 
©me of its properties. Is c;"""""*" *" — «*.«#;/%« tnttiA low fho* eimnio k^^^:^ 
jnite with sinsiMe twdies anc 
m nts is it closely related t 



aoi, wnietne ayniDoi oi cynnogen. now w luia „ — ^_ ^ 

some of its properties. Is cvanogen an exception to the law that simple bodies 
unite with simple bodies and compound with compound bodies ! To what ele- 



24c* 
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AnhydrouB pruanc acid is a thin, oolorle88» and very vol* 
atile liquid, which exhales a very strong odor of peach 
blossoms. Its density at 45^ is 0*7058. It boils at 79<», 
and solidifies when cooled to zero. Its reaction is feebly 
acid, and it mixes with water and alcohol in all propor- 
tions. It is one of the most formidable poisons known, and 
even when largely dilated with water, its effects on the 
animal system are exceedingly energetic. It is employed, 
however, in medicine in very small doses. Its odor is so 
strong as to produce immediate headache, and its vapor can- 
not he inhaled without the greatest danger. Ammonia and 
chlorine are the best antidotes, but the poison is often fatal 
before these can be obtained. 

Pure hydrocyanic add cannot be preserved, even in well 
stopped bottles. After a very short time it grows dark, and 
eventually deposits a black substance, containing carbon, 
nitrogen, and perhaps hydrogen ; ammonia is formed at the 
same time, and prooabl^r o£er products. Liffht favors the 
decomposition. It volatilizes so rapidly that a drop of it held 
on the end of a glass rod, becomes solid by its own evajpora- 
tion. Though usually a product of art, this acid exists m, or 
is formed during the distillation of the cherry laurel, bitter 
almond, bird cherry, peach, and some other plants. It may 
be detected by its smell, and by its yielding a precipitate of 
Prussian blue, when acted on in solution successively by sul- 
phate of iron, potash, and an excess of hydrochloric acid. If 
the liquid in which the poison is supposed to exist be acidula- 
ted with sulphuric acid and distilled, the prussic acid will be 
found in the first portions which come over. 

389. Cyanide of potassium, KCy, may be formed by the 
direct union of cyanogen and potassium, or by igniting ler- 
rocyanide of potassium (39 1 .) in a close vessel. For common 
purposes in me arts, as in electro-plating and gilding, where 
a little impurity is of no consequence, it may be formed by 
mixing 8 parts of ferrocyanide of potassium, rendered anhy- 
drous by heat, with 3 of carbonate of potash also dry, and 
fusing the mixture in a crucible, with occasional stirring, un- 
til gas ceases to be evolved, and the fluid portion of the mass 
becomes colorless. The crucible is left at rest for a few mo- 
ments, and then the clear fluid decanted off from the heavy 
black sediment at the bottom, which is principally metallic 
iron in a state of minute division. 

388. Write the symbol of prassic acid. Wliat nn tbe properties of this acid ! 
What are the best antidotes to its poisonous effects ? Where does pmssic acid 
occur naturally ! How may it be detected ? 
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Cyanide of potassiam forms colorless, cubic or octahedral, 
anhydrous crystals, deliquescent in the air, and exceedingly 
soluble in water. It dissolves in boiling alcohol, but separates 
in a great measure on cooling. It is readily fusible, and un- 
dergoes no change at a moderate heat, or even at a white 
heat when air is excluded. If air be present, oxygen is ab- 
sorbed, and the cyanide of potassium becomes cyanate of pot- 
ash. Its solution has an alkaline reaction. All acids de- 
compose this salt, even the carbonic acid of the atmosphere, 
to which is owing the smell of hydrocyanic acid, which it 
emits when exposed to the air. Cyanide of potassium is ex- 
ceedingly poisonous, acting precisely like prussic acid. The 
tenth of a grain of the salt killed a small bird in the space 
of a minute ; a solution of five grains destroyed a laro^e dog 
in a quarter of an hour. As a medicine, it is considered 
applicable to all cases in which hydrocyanic acid has been 
found useful. Cyanide of potassium has highly important 
uses in chemical analysis. 

390. Cyanide of merewry^ HgCy. One of the most re- 
markable properties of cyanogen is its powerful attraction 
for certain of the less oxidable metals, as silver, and more 
particularly mercury and palladium. Dilute hydrocyanic 
acid dissolves finely powdered red oxide of mercury with 
the utmost ease, the liquid loses all odor, and yields on evap- 
oration crystals of cyanide of mercury. Cyanide of potas- 
sium is also decomposed by red oxide of mercury, the cyano- 
gen passes to the mercury forming cyanide of mercury, and 
the oxide of potassium or potash is left in the state of a hy- 
drate. Generally, however, this salt is prepared from ferro- 
cyanide of potassium. Of the ferrocyanide, 2 parts are dis- 
solved in 15 parts of hot water, and 3 parts of dry sulphate 
of mercury added. The whole is boiled for 15 minutes, and 
filtered hot from the oxide of iron which separates. The 
filtered solution on cooling deposits the new salt in crystab. 
It forms white, translucent prisms, much resembling those 
of corrosive sublimate, whicn are soluble in 8 parts of cold 
water, and in a much smaller quantity of hot water. They 
are also soluble in alcohol. The solution has a disagreea- 
ble, metallic taste, and is very poisonous. 

391. Ferrocyanide of potassium, 2KCfy+3HO. The 
symbol Cfy, is that of a body not yet described, called ferro' 

3S9. Write the symbol of cyanide of potassium. How may this substanec 
be prepared ! Meotion some of its properties ;— its uses. 

390. Write the symbol of cyanide of mennuy. How is this cyanide prepar* 
ed 7 Mention some of its properties. 
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ejfonogm. When a solution <^ cyaside of pataasiam ia iigea* 
ted with iron fitings at a gentle heat in an open vessel, oxygen 
is absorbed from the air^ and the iron dissolves quietly and 
disappears. A highly alkaline, yellow liquid is obtaLned, 
which, on evaporation* leaves lemon-yellow crystals, con- 
taining potassium in combination with a new salt-radical, 
which is composed of the metal iron (Lhtinjerrum) and the 
elements of cyanogen, and hence called ferro-cyanogen. 

On the large scale, ferrocyanide of potassium is made by 
igniting carbonate of potash and iron filings in an iron ves- 
sel with presence of air, from which nitrogen is obtained. 
Animal matter is also sometimes added to supply nitrogen. 
The mass after ignition, is acted upon by hot water, which 
dissolves out a large quantity of the cyanide of potassium, 
which is convened into the ferrocyanide by the iron. The 
hot solution is filtered, and on cooling yields large, transpa- 
rent, lemon-colored crystals of the ferrocyanide of potassium. 
These crystals are four-sided, tabular, derived from an octa- 
hedron with a square base. They cleave with facility in a 
direction parallel to the base of the octahedron, and are 
toneh and difficult to powder. They dissolve in 4 parts of 
cold and 2 of boiling water, and are insoluble in alcohol. 
They are permanent in the air, and have a mild, saline taste. 
The commercial salt is slightly poisonous, but the pure salt 
is unproductive of harm in the dose of several ounces. By a 
gentle heat it loses 3 eq. ef water, and becomes anhydrous. It 
IS a chemical reagent of great value. When mixed in solution 
with neutral qr slightly acid salts of the metals, it gives rise 
to precipitates which very frequently present highly charac- 
teristic colors. Some of these are given in the following 
table : 



MeUd, 

Iron, protoxide, 
« deutoxide, 
'* (peroxide). 

Copper, protoxide, 
** deatoxide, 

Platinum, . . . 



white. 

pale-blue. 

deep-blue. 

white. 

deep-brown. 

yellow. 



Metal, PrteipitaU, 

Palladium, olire. 

Silver, white, changing to blue. 

Nickel, apple-green. 

Cobalt, grasa-green. 

Titanium, reddish -brown. 

Uranium, blood red. 



Gold, Mercury (deutoxide), Lead, ) 

Tin, Zinc, Manganese, Antimony, > White. 

Cadmium, Bismuth, Cerium, ) 

392. Ferricyanide of potassium^ 3K+Cfdy, is supposed 



391. Write the composition of ferrocyanide of potassium. In this formula 
what does Cfy denote ? How is this cyanide prepared ! What are its prop- 

ertiesT ^ '- 
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to be composed of 3 eq. of potassium, and one of a new salt- 
radical, called^^m, or ferridcyanogen^ whose symbol is Cfdy, 
and which has never been isolated. It forms regular, pris- 
matic, and sometimes tabular crystals, of a beautiful rubv-red 
tint, permanent in the air, and soluble in 4 parts of cola war 
ter. The solution has a dark greenish color. The crystals 
bum when introduced into the flame of a candle, and emit 
sparks. • Its solution with peroxide of iron yields a blood 
red color. 

393. Sulphocyanide of potassium, KCsy. The elements 
of cyanogen combine with sulphur, forming a well defined 
salt-radical, called stdphoeyanogen, which contains C2NS29 
and is expressed by the symbol Csy. It crystalizes in long, 
slender, colorless prisms, or plates, which are anhydrous, it 
has a bitter, saline taste, and is not poisonous. It is very 
soluble in water and alcohol, and deliquesces when exposed 
to a moist atmosphere. When heated, it foses to a colorless 
liquid, at a temperature far below that of ignition. This salt 
is the most delicate test known for iron when in the state of 
peroxide. 

394. Fulminic add, CyaOg+SHO, is known only in coror 
bination. Some of its salts are characterized by the violence 
with which they detonate from a very slight disturbance. 

Fulminate of silver, 2AgO, C4Na02,iB prepared by dis- 
solving 40 or 50 grs. of silver, which need not be pure, 
in ^ oz., by measure, of warm nitric acid (sp. gr. 1-37.) 
To the solution, while still hot, add two measured ounces of 
alcohol, and apply heat until reaction commences. The ful- 
minate of silver slowly separates from the hot liquid in small, 
crystaline plates, which are washed with a little cold water, 
distributed upon separate pieces of filter paper in portions 
not exceeding a grain or two each, and left to dry in a warm 
place. When dry, the papers are folded up and preserved 
m a box or bottle. This is the only safe method of keeping 
the salt. Fulminate of silver is soluble in 36 parts of boiling 
water, but the greater part crystalizes out on cooling. It 
explodes with wonderful violence with concentrated sulphu- 
ric acid, and when strongly heated, or when rubbed or 
struck with a hard body. The metal is reduced, and a large 

392. Write the composition of ferricyanide of potassium. In the fonnula 
what doe« Cfdy denote ? What are the properties of this substance ? 

393. Write and explain the formula for suiphocyanide of potassium. Mention 
some of its properties. 

394. Write and explain the composition of fuLninic acid ;— fulminate of 
silver. How is this salt prepared? What are its properties ! Write and ex- 
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amount of gueous matter liberated. Notwithstanding its 
explosive energy when alone, if cautiously mixed with oxide 
of copper, it may be burned in a tube, with as much facility 
as any other organic substance. 

Fulminaie ^ mercury, 2HgO, C4NJO2, is pre^red by a 
process very smiilar to that by which the sUver salt is obt^n- 
ed. One part of mercury is dissolved in 12 parts of nitric 
acid, and the solution mixed with an equal quantity of alco- 
hol, gentle heat is applied, and, if .the reaction becomes too 
violent, it is moderated by the addition from time to time of 
more spirit. The fulminate of mercurj separates from the 
hot liquid, and after cooling may be purified from an admix- 
ture of reduced metal by solution m boiling water and re- 
crystalization. It much resembles the silver salt in appeai> 
ance and properties. It explodes violently by friction or 
percussion, but merely bums with a sudden and almost 
noiseless flash when kmdled in the open air. It is manufac- 
tured on a large scale for the purpose of charffing percussion 
capi. One of these contains only one third of a grain of ful- 
mmate of mercury ; sulphur and chlorate of potash are ad- 
ded (209.), and the powder pressed into the cap secured by a 
drop of vamish. 

SECT. II. — 2. VEGETABLE ALKALIES. 

395. The vegetable alkalies constitute an extensive class 
of bodies, which are, for the most part, the active medicinal 
agents of the plants in which they occur. They are gene- 
rally sparingly soluble in water, but more soluble in boiling 
alcohol, from which they crystalize in a very beautiful man* 
ner on cooling. The taste of these substances is intensely 
bitter, and their action on the animal economy exceedingly 
energetic. They all contain a considerable quantity of nit- 
rogen, and are very complicated in constitution, havings high 
combining numbers. Morphia, narcotine, cinchonia, qumine, 
strychnia, and brucia, belong to this very numerous class oif 
bodies. 

396. Morphia, C34H19NOC, +2H0, is the chief active 
principle of opium, and the most characteristic type of this 
group of bodies. When crystalized from alcohol, morphia 

plain the formala for fulminate of mercury. State the process by which it is 
prepared and mention its properties. What are some of its uses t 

395. What is said of the vegetable alkalies 1 

396. Write the composition of morphia. Where is this sabstnnce found? 
Mention some of its properties. 
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forms small but very brilliant, prismatic crystals, wbicli are 
transparent and colorless. Exposed to a moderate heat it 
loses the crystaline form, becommg white and opaque. At 
a higher temperature it melts, inflames like resin, and leaves 
a small quantity of charcoal, which easily burns away. It is 
dissolved by the fixed and volatile oils. At least 1000 parts 
of water are required for its solution, which tastes slightly 
bitter, and has an alkaline reaction. These effects are much 
more evident in the alcoholic solution. It dissolves in about 
30 parts of boiling alcohol, but the greater part crystalizes 
from the solution upon cooling. In dilute acids it dissolves 
with great facility, and it is also dissolved by excess of caustic 
potash or soda, but scarcely by excess of ammonia. In pow- 
der, morphia strikes a deep bluish color, with a neutral per- 
salt of iron, decomposes nitric acid with liberation of iodine, 
and forms a deep yellow or red compound with nitric acid. 

397. Cmchoniaf C2oHii2^0,B.nAquiiui,C2oH.i2^029 are 
contained in Peruvian bark, and give to it its valuable prop- 
erties. They are associated in the bark with sulphuric acid, 
and a special acid not found elsewhere, called the kinic, Cin- 
chonia is contained in the largest quantity in the pale bark, 
quina in the yellow bark, and both are contained m the red 
bark. 

Pure cinchonia crystalizes in small but beautifully brilliant, 
transparent, four sided prisms. It is but little soluble in wa- 
ter (m 2500 parts.) It is very soluble in boiling alcohol, 
which deposits a poition in the crystaline state upon cooling. 
It is slightly soluble in ether and the fixed and volatile oib. 
Its alkaline character is very decided, as it neutralizes the 
strongest acids, forming with them saline compounds. At 
first it appears to have but little taste, but in a short time this 
is developed by the solution of a minute portion in the saliva. 
Its salts are intensely bitter. 

398. Quina, or qumine, much resembles cinchonia. It 
does not crystalize so well, and is much more soluble in wa« 
ter. By cautious management it may be crystalized in pearly, 
silky needles. It is fusible like the resins, and becomes brit- 
tle on cooling. Its taste is intensely bitter. 

Sulphate of quinine is manufactured on a large scale for 
medicinal uses. It crystalizes in fine, silky, slightly flexible 
needles, interlaced among each other, or grouped in small 
star-like tufts. Its taste is intensely bitter. It is very slightly 

397. Write the composition of cinchonia. Whence ia this^subetance obtain- 
ed T What are its prmrties ? 

398. What is said of quina I—sulphate of quinine ? 
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soluble in water, and tbe solution is neutral. Its sdlialHfity is 
much increased by the addition of a little sulphuric acid. 
This salt has the same action on the system as Peruvian 
bark, without being so apt to produce nausea and otiier had 
effects. It may, therefore, be substituted for that remedy in 
most diseases to which the latter is applicable. 

399. Strychnia^ ^44ll24» NjOg, is contained in mux vom^ 
tea, and several other plants. Under favorable circumstan- 
ces, it crystalizes in small, but exceedingly brilliant, octahe- 
dral crystals, which are transparent and colorless. Rapidly 
crystalized, it is in the form of a white powder. It is but 
slightly soluble in water (in 7000 parts), and so intensely bit- 
ter, that It communicates a sensible taste to 600,000 parts of 
water. It dissolves in hot and somewhat dilute spirit, and in 
volatile oils, but neither in absolute alcohol, ether, nor a so- 
lution of caustic alkali. It is one of the most violent poisons 
known. It is sometimes used as a mediciDe, but unless it is 
employed in exceedingly small quantities it acts with fear- 
ful energy, causing lock-jaw immediately, and death in a very 
short time. Haifa grain blown into the throat of a rabbit 
proved fatal in five minutes. 

SECT. II. 3. ORGANIC COLORING PRINCIPLES. 

400. Few plants contain colors that are permanent when 
exposed to the air and sun. Most of the beautiful tints of 
flowers fade and disappear soon after the flowers are gath- 
ered, and the coloring matter is so minute, that it is impossi- 
ble to extract it by pressure, or so evanescent that it cannot 
be long preserved. We find, however, in a few instances, 
sometimes in the roots or the wood, and sometimes in the 
leaves, a coloring juice of greater permanence and density, 
which may be extracted and employed for coloring other 
substances. This is extracted generally by water, but some- 
times by alcohol or other liquids. All the organic coloring 
principles are of vegetable origin, except cochineal The 
art of dyeing is founded upon an affinity, or attraction, exist- 
ing between the coloring matter of the dye and the fibre of 
the cloth. In woolen and silk, this affinity is usually very 
considerable, and to such tissues a permanent stain is com- 

399* Write the composition of strychnia. Whence is this substance obtain- 
ed ? What are its properties ? 

400. Why cannot most of the vegetable colors be preserved ? How are those 
colormg matters which are more permanent usually extracted ? What is the 
only coloring matter of animal origin ? Upon what is the art of dyeing found- 



munieated, but with cotton or flax it is much weaker. To 
render the color permanent in these cases, a third substance 
is employed, which possesses a high degree of affinity, both 
fin- the fibre of the cloth and the coloring matter. Alumina, 
peroxide of iron, and oxide of tin, are usually employed for 
this purpose. With these substances the cloth is first impreg- 
iiatM, and afterwards colored with the dye. An insoluble 
substance is thus formed in the fibre of the cloth. The same 
substance may be formed by precipitating some colored in- 
fusion, as an infusion of logwood, with a little alkali, by alum. 
The precipitate consists of alumina, in combination with the 
coloring matter. This combination is called a /«A:e. When 
this compound is formed within the fibre of the cloth, a per- 
manent dye is effected. Alumina, peroxide of iron, and other 
bodies which are employed to render colors permanent, are 
called mordants (25 1 .) Oxide of iron gives rise to dull, heavy 
colors ; alumina and oxide of tin, especially the latter, to bril- 
liant ones. By applying the mordant partially to cloth, by 
a wooden block or otbei*wise, a pattern may be produced, 
for the color will be permanent only where the mordant is 
applied, and may be washed out ci the other part. 

401. Indigo is rendered, by the addition of mordants, the 
most important of the vegetable colors. Without mordants 
it gives a color that is soon lost, and hence, before the use of 
these substances was known, in the reign of Queen Elizabeth, 
indigo and logwood were forbidden to be used as dyes. By 
an act of parliament, the dye-houses tvere searched, and these 
two substances when found were burnt. This act remained 
in full force till the time of Charles II, or for a centuiy. 

Indigo is the product of several plants of the genus indu 
gofera^ which grow principally in warm climates. When 
the leaves of these plants are placed in a vessel of water and 
allowed to ferment, a yellow substance is dissolved out, 
which, by contact of air, becomes deep blue and insoluble, 
and finally precipitates. This, when washed and carefully 
dried, forms the indigo of commerce. It is not contained in 
the plant, but is produced by the oxidation of some substan- 
ces there present. The best indigo is so light as to swim up- 
on water ; its powder has an intensely deep blue tint. It 

ed ? What is the strength of this attraction in wool and silk !— lA cotton and 
flax? How do mordants render colors permanent % 

401. What is said of the history of indigo ? Why was indigo forbidden to be 
used ? How is it now rendered a permanent color 7 What are the sources of 
indigo ? How is it prepared from these plants ? Mention some of its proper- 

26 
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may be freed from itii impmitiest which osaally conrtitote at 
least half of its weight, by being powdered and boiled in di* 
lote acidt in alkaU, and anerwards in alcohol. 

Pore indigo is quite insoluble in water, alcohol, oils, dilate 
acids, and alkalies. It dissolves in about 15 parts of concen- 
trated sulphuric acid, forming a deep blue, pasty masa, en- 
tirely soluole in water, and omn used in dyeing. In contact 
with deoxidizing agents, and with an alkali, indigo suffers a 
remarkable change ; it becomes soluble and nearly colorieas, 
perhaps returning to the same state in which it existed m the 

flant. On this principle the dyer prepares his indigo vats^ 
^ive parts of powdered indigo, 10 of protosulphate of iroo, 
15 of hydrate of lime, and 60 of water, are asnated togetb- 
er in a close vessel and allowed to stand. The hydrated 
protoxide of iron in conjunction with excess of lime, reduces 
the indigo to the soluble state ; a yellowish liquid is produced, 
from which acids precipitate white or deoxidized indigo, 
which absorbs oxygen with the greatest avidity when brouffht 
in contact with the air. Cloth steeped in the yellow smu- 
tion, and then exposed to the air, acquires a deep and most 
permanent blue tint, by the deposition of solid, insoluble in- 
digo Ml the iuhitance of the fibre. Instead of the iron, the 
salt, and the lime, a solution of caustic soda and grape 
sugar may be used. The sugar becomes oxidized and the 
inaieo reduced in the deoxidized state. 

W hen the cloth is previously boiled in alum mordant, and 
then in a bath of indigo, mixed with any of the yellow dyes, 
a green color is obtained. Wool may be dyed vioiet^ purple, 
or lUaCf by means of cochineal, mixed with sulphate of indi- 
go. The same colors are given to silk, by first dyeing crim- 
son with cochineal, and then dipping the silk into the indigo 
bath. Cotton and eilk are first dyed blue, then galled (with 
nutgalls), and soaked in a decoction of logwood ; but a more 

Sermanent color is given by means of oxide of iron. Ivory is 
yed blue by being immersed a longer or shorter time in a 
dilute solution of sulphate of indigo mixed with a little pot- 
ash. It assumes a blue tint of greater or less intensity, ac- 
cording to circumstances. Blue combined with red and yel- 
low in cloth produces olive. Blue itisoluble indigo, is com- 
posed of CjcHgNOj, and white, or reduced indigo, of 

ties. What change does indigo undergo in contact with deoxidizing agents and 
with alkalies ? In what way does the dyer prepare his indigo vat ! How do 
cloths steeped in thin solution attain a deep and permanent blue ? How is a 
green color obtained ? How is wool dyed violet, purple, or lilac ? Write the 
composition of blue indigo ;~of white indigo. 
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Gi^H^NO,. Under the action of heat and of reagents, in* 
digo yields an exceedingly numerous class of bodies. 

402. Litmus is one of the colors employed by the dyer. 
To the chemist it is a reagent for acids, by which it is in- 
stantly reddened; it then becomes a test for alkalies, by 
which its blue color is restored. It is prepared from a lichen 
that grows on maritime rocks, most abundantly in the Ca- 
nary and Cape Verd Islands. It is also prepared from a 
plant which is collected in Norway. It comes in friable^ 
violet oolored, finely granular pieces. It has an alkaline 
smell and a saline taste. Test paper for chemical purposes 
is prepared with a watery infusion, consisting of one part of 
powdered litmus to 4 of water. This is applied by means 
of a brush to white unsized paper, or paper free from alum 
and other €u:id salts. The sheets, when dried, should be 
kept in close vessels in the dark. 

403. Cochineal is a little insect, the coccus cacti, which lives 
on several species of cactus, found in warm climates, and 
cultivated for this purpose in Central America, and the 
southern part of Mexico. The dried body of the insect 
yields to water and alcohol a magnificent xed coloring mat* 
ti^, |»-ecipitable b^ alumina and oxide of tin. (Jarmine is 
a precipitate of this kind. This substance is often adulte- 
rated with starch or vermillion, and is sometimes rendered 
paler by an excess of alumina used in its precipitation. This 
IS detected by ammonia, which dissolves pure carmine, and 
leaves behind the substances with which it is adulterated. 

404. Madder is the most permanent and valuable of the 
red dye stuffs. The plant from which it is obtained is a na- 
tive of the South of Europe, and is cultivated in France and 
Holland. From the latter country most of the madder of 
commerce is procured. The coloring matter, which may bo 
extracted from the root by several different processes, forms 
yellowish red acicular crystals, easily soluble in alcohol, but 
sparingly dissolved by boiling water. It resists the action of 
concentrated sulphuric acid, and may be sublimed without 
decomposition. A purple or brown, and a yellow coloring 
matter also exist in madder ; the latter is very soluble in 
water. - 

405. Brazil wood, and logwood give red and purple infu«, 
sions, which are largely employed in dyeing. The coloring 

402. What is said of litmus? 

403. Whence is cochineal obtained 7 What is carmine t 

404. What is said of madder! Whence is it obtained? Mention some of 
its properties. 
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prineiple of logwood has been oVtaioed in cryBteku Acids 
orighten these colors* and alkalies render them purple or 
blue. Among yellow dyes aro ^ureitnm hark^ JuUic wood^ 
and mffrim. These give yellow infusions to water, and fuv- 
nish more or less permanent colors. The green covering of 
the wahittty is used to dye brown. 



ANIMAL CHEMISTRY. 

406. Life oontrolls all other agencies in animal as well as 
in vegetable chemistry ; these two departments are, howev- 
er, marked by many striking and characteristic differences, 
among- which are the following : 

1. The combinations produced by the principle of life in 
the animal organization, are far more complex than thoee 
produced in the vegetable kingdom. Not only the structare 
of the bodies of animals, but tlieir chemical composition, is 
&r more complex than those of the forms of vegetable life. 

2. The great mass of vegetable substances consist of turn' 
azolized nibstancee^ consequently of substances which ocm- 
tain only three elements ; but in the animal body, the 0220- 
tized and the eulphurized substances predominate. Water 
and fat are almost the only substances composed of two or 
three elements that occur in the animal body ; all the others, 
as flesh, cartilage, blood, hair, nails, &c., are rich in nitro- 
gen, sulphur, and also contain phosphorus. 

3. Most animal substances, when viewed under the nii« 
croscope, exhibit the form of small globules. In the mineral 
kingdom, the angular (crystaline) form prevails. The vegeta- 
ble kingdom, holding a middle position between the animal 
and the mineral, affords examples of both kinds of foims, 
viz.» the globular or spherical, in starch, yeast, &c., the 
crystaline m sugar, organic acids, bases, &c. 

4. The elements of which animal substances are formed, 
are exactly the same as those which occur in the vegetable 
kingdom, viz., oxygeuy hydrogen^ carbon^ nitrogen; also, md- 

405. What other dye woddt are mentioned ! 

406. What is said of the agency of life in animal chemistry 7 In what re- 
spects are animal organizations more complex than vegetalile forms ! What is 
the second difference between animal and vegetable substances I What ta the 
third difference ? What have antm^ and vegetable substances in common to 
a great extent ? What is said of the agency of cellular action in the animal 
body ! How do the changes which occur in the anmial body oom|HUw with 
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jpilvr, ph&aphoru8, and chlorine^ and the metallic substancesy 
time, potassium, sodium, and iron. 

6, The agency of cellular action, (p. 232,) in the animal 
body, is much more feeble and more umited than in vegeta- 
ble life. In the vegetable world, by the action of cells, all the 
substances visible in the plant, are produced out of purely 
inorganic matter. In an animal, this agency is confined to 
the modification or change of complex organic principles 
already existing ; principles which owe their origin to plants. 
A building up, an organizing power, is indeed manifest, but 
the materials are furnished, as it were, to its hand, in a state 
requiring an exertion of chemical force infinitely less ener- 
getic than that reouired to produce woody fibres, or sugar 
from carbonic acict and water. The most intricate and re- 
fined changes are produced by vegetable life, changes in- 
comprehensible in their nature, though evident in their ef- 
fects; they are in the ascending scale, producing organic 
substances from inorganic. The changes which occur in the 
animal body, are chiefly in the descending scale, forming 
compounds less and less complex by changes which we can 
in most instances imderstand, and in some imitate, until 
they at length reach the inorganic condition, and once more 
become capable of assimilation by plants. A perpetual and 
unbroken chain of agencies is thus established, the products 
of the one order of beings becoming the sustenance of the 
other. 

The following table exhibits in a striking light the oppo- 
site functions of plants and animals. 

The regetable The animal 

Produces neutral azntized tubstanoes, 



fatty tubstances, 
*' sugar, starch, and gun. 
Decomposes carbonic acid, 
" water, 
" ammoniacal salts, 
Diseni^ges oxygen, 
Is an apparatus of reduction, 
Is stationary. 



Consumes neutral azotized substances, 

*' fatty substances, 

** sugar, starch, and gum. 
Produces carbonic acid, 

" water, 

'* aromonical salts, 
Absorbs oxygen, 
Is an apparatus of oxidation, 
Is locomotive. 



6. The vital principle produces a continual equUihrium in 
the animal Jrame. 1 his is also the case in all organic life, 
but in animal life it is pre-eminently true. Without a con- 
stant repair, or renewal of the whole animal system by de- 
position and organization of matter from the blood, the body- 
would soon waste away. This organization of matter is 

those produced in vegetable sultstances ? What is said of the action of the vi- 
tal phncipte in maintaining an equilibrium in the animal frame 1 What is the 
difference between the food of animals and that of plants ? Whence are th^ 
25* 
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•e1f-regu1atiii^9 or yaries with the demandB of the Byatem* ao 
that» though in circumatances always changing, and expe- 
riencing within itself continual changes, amounting to many 
hundred pounds in the course of a year» the animal frame 
preserves its weight from year to year, very nearly the same 
in amount. Art is far outdone, and must ever be, for no 
contrivance of man is destined to a perpetuity beyond the 
materials of which it is at first constructed. 

7. The food of animals consists for the most part of argan- 
ized matter^ while that of vegetables is derived from the m- 
organic kingdom. The inorganic constituents of vegetables 
are derived from the soil, and from the decomposition of 
other vegetables, which by decay, fermentation, or putrefac- 
tion, lose their organic character, and are resolved mto their 
inorganic elements. 

8. The food of the two great classes of animals, the gra* 
miniverous, or the vegetable feeders, and the camiverous, is 
composed of essentially the same principles. Vegetable al- 
bumen, fibrine, and caseine, the food of the former class, are 
in composition identical with bodies of the same name ex- 
tracted from blood and milk, and which are the food of the 
latter class of animals* 

CONSTITUENTS OF TBB ANIMAL BODY. 

407. \Fibrine, C 4 p oH, j qOi a oN« + PS. This substance 
is found in two distinct conditions in the living animal ; in 
the blood, where it is dissolved, perfectly fluid, and in the 
muscular flesh, of which it forms the characteristic ingredient. 
In the latter it is solid and insoluble, or coagulated. When a 
thin slice of muscle is washed in cold water until perfectly 
white, it is seen to consist of a stringy-looking substance, 
which is the fibrine itself, traversed in all directions by blood 
vessels, nerves, and membranous matter. Fibrine is also 
deposited when the expressed juice of plants, such as beets, 
turnips, &c., is allowed to stand. This appears in every re- 
spect the same with animal fibrine. The latter is usually 
prepared by beating fresh drawn blood with twigs, and wash- 
mg the clot which adheres to the twigs with water and ether. 

inorganic constituents of plants derived f In what respects is the food of all 
classes of animals alike 7 

407. Write thei formula for fibrine. How does this substance occur in the 
animal body ? How may vegetable fibrine l>e obtained ? How does this com- 
pare with animal fibrine ? How is animal fibrine usually prepared ? Mention 
some of jts properties. How is it shown that aiterial differs from veAOos 
fibrine ? 
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In afresh state it forms long, white, elastic filaments, which, 
under the microscope, appear to be composed of small glob- 
ules arranged in strings ; it is quite tasteless, and insoluble in 
both hot 4nd cold water. By long continued boiling it is 
partly dissolved. When dried in vacuo, or at a gentle heat» 
It loses about 80 per cent, of water, shrinks very much in 
volume, and becomes translucent and horny. When again 
moistened, it recovers, for the most part, its former bulk. 

The fibrine of arterial and venous blood, is not absolutely 
the same. When the venous fibrine of human blood is trit- 
urated in a mortar with H times its weight of water, and ^ its 
weight of nitrate of potash, and the mixture left twenty-four 
hours or more at a temperature of 100^ to 126^, it becomes 
gelatinous, and exhibits all the properties of a solution of al- 
bumen which has been neutralized oy acetic acid. It event- 
ually becomes liquid. Arterial fibrine treated in the same 
way does not become liquid, nor does the fibrine of venous 
blood when long exposed to the air or to oxygen. The fibrine 
of muscular flesh resembles that of venous blood. 

408. Albumen, C4ooH3ioO,2oN5oPS2. This formula 
is the same with that of fibrine, with the exception of S3 in- 
stead of S in fibrine. White of egg, and the clear scrunif or 
fluid part of the blood, contain albumen, associated with 
soda, from which it may be obtained by neutralizing the soda 
with acetic acid, and by dilutincr with cold water. The pre- 
cipitate of albumen thus formed, is soluble in water contain- 
ing a minute quantity of alkali. By a suflicieni heat, albu- 
men coagulates and becomes a white body, wholly insoluble 
in water. With metallic salts, as corrosive sublimate, it gives 
insoluble precipitates ; hence its use as an antidote for that 
poison. 

After the fibrine is removed from the expressed juice of 
plants, by the process mentioned above (407.), if the tempe- 
rature of the juice be raised to 212<^, it becomes a second 
time turbid with vegetaMe albumen. A third principle is ob- 
tained after the albumen is separated, by slowly evaporating 
the solution. This is vegetable caseine which appears in a 
film on the sufface. 

409. Caseine, C 4 0H3 1 q^i 2 o^s 0^' ^ found only in milk, 
where it exists in a state of perfect solution, owing, like al- 

406. Write the formula for albumen. How does this formula difler from 
that of fibrine t Where ia albumen found 7 How may it be Obtained from 
aubataneeat Why is it used as an antidote for corroeiTe sublimate! 



Bow may vegetable all umen and regetable caseine be obtained T 
409. Write the fotmula for caseine. How does this fonnula differ from that 
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bnmen, its solobility to a small qaantity of alkalL XJoKke 
albumen, howeyer, caseine is not coagulated by heat. The 
addition c»f a little acid of almost any kind, precipitates case- 
ine from milk, by neutralizing the alkali which held it in so- 
lution. An exceedingly small quantity of acid will effect the 
precipitation when the reaction is aided by a gentle heat. 

A solution of caseine may be coagulated by certain animal 
membranes. On this principle, the manufacture of cheese 
depends. A piece of the lining membrane of the stomach 
of an animal, more particularly that of a young animal, as a 
calf, is cleansed by slight washing in cold water, plunged into 
a large mass of milk, and the temperature of the whole slowly 
raised to about 120^ or a little higher. At a particular mo- 
ment the milk undergoes a very complete coagulation. It 
separates into solid, white, opaque curd, and into thin, pale- 
coloi-ed, translucent whey. The former consists chiefly of 
caseine and butter, the latter of water, holding in solution 
most of the saline compounds of the milk, together with milk 
sugar, to which it owes its sweetness. The curd is drained, 
mixed with salt, and sometimes other condiments, and then 
undergoes various manipulations, the principal object o£ 
which is to communicate consistence and form, and to get 
rid of superfluous moisture. The cheese thus formed, is al- 
lowed to remain in a cool situation for several months, and 
undergoes a particular kind of putrefactive fermentation, 
upon which its flavor and value depend. 

The following table fives the composition of several vari- 
eties of cheese, of which No. 1 is skimmed milk cheese. One 
hundred pounds of cheese contain — 





No. 1. 


No. 2. 


No. 3. 


No. 4. 


Water, 


43-82, 


35-81, 


38-58, 


38-46. 


Caseine, 


45-04, 


37-96, 


25-00, 


25-87. 


Butter, 


5-98, 


21-97, 


50-11, 


31-86. 


Ash, 


518, 


4-25, 


6-29, 


3-81. 



Proin this table it appears that cheese contains from | to 
i its weight of water, and also, with the exception of skimmed 
milk cheese, from | to J of butter. 



of fibnne and that of albumen ? Where its this substance found ! Why is ca- 
serne dissolved in milk ! Is caseine coagulated by heat ? How may this 
substance be precipitated from milk ? Upon what does the manufacture of 
cheese depend ? Jnto what two portions is the milk separated ? Of what does 
caseine consist ?— whey ? How is cheese prepared from the cuixl? How 
much water does cheese contain f How much buuer T What kind of cheese 
contains the most caseine ! What is said of skimmed milk cheese { What four 
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Skimmed milk dieese, on the other hand, contains the 
iareest amount o£ casetne^ amounting to nearly half o£ its 
weight. Thit renders this kind of dieese verj nutritioosy 
while it is not as rich as the other kinds, and, therefore, might 
well form a principal article of diet. 

Fibrme, idhumen, and caseine, are yery nearly alike in 
&eir eomposition, as appears from thmr formulae : 

C400"S10^l2oN4o^S- 

C4oo"sie^xaoNseP^. 

In these formulae, C, H, O, N, are the same, and in the 
same proportions. From this it is supposed that these ele- 
ments form a substance to which the HBmeproteine has been 
given, although this has never been entirely isolated. With 
proteine, phosphorus and sulphur are supposed to be com- 
bined, forming fibrine, albumen, or caseine, according to the 
proportions in which they unite with proteine. Hence, these 
three substances are called thejfratetne group. 

410. Gelatine^ CiaHioNaOs, is obtained from animal 
membranes, skin, tendons, and bones. These dissolve in 
water, at a high temperature, more or less completely, but 
with very different degrees of facility, giving solutions which, 
on cooling, acquire a soft, tendinous consistence. This sub- 
stance is termed gelatine. It does not pre-exist in the ani- 
mal system, but is generated from the membranous tissue by 
the action of hot water. The jelly of calves' feet, and com- 
mon size and glue, are familiar examples of ^latine in dif- 
ferent conditions of purity. Isinglass, the dried swimming 
bladder of the sturgeon, dissolves in water merely warm, and 
yields a beautifully pure gelatine; In this state it is white and 
opalescent, or translucent, quite insipid and inodorus, insol- 
uble in cold water, but readily dissolved on a slight elevation 
of temperature. Cut into slices and exposed to a current 
of dry air, it shrinks very much in volume, and becomes a 
transparent, glassy, brittle mass, which is soluble in warm 
water, but insoluble in alcohol or ether. Long continued 
boiling gradually alters it, and the solution loses the power 
of forming jelly on cooling. One part of dry gelatine dissol- 
ved in 100 parts of water, solidifies on cooling. 

elements are in the foimuIaB of caseine, albumen, and fibrine, in the same propor- 
tions ? What is inferred from this fact ? What are these three bodies called ! 
410. Write the formula for gelatine. Whence is gelatine obtained ? How is 
it prepared 7 In what substances is gelatine found in a state of great purity ? 
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An aqueous solution of gelatine is precipitated b^ alcohol, 
which withdraws the water. Corrosive sEublimate in excess 
gives a white flocculent precipitate, and the same is produced 
by the nitrate of the suboxide and the protoxide of mercury. 
With tannic acid, or infusion of galls, it gives a copious, 
white, curdy precipitate, which cOTores on stirring to an 
elastic mass quite insoluble in water, and incapable of pntre- 
jfoction. Chlorine passed into a solution of gelatine, conden- 
ses a dense, white precipitate of chloride of jrelatine, which 
envelops each gas bubole, and ultimately forms a tough, 
elastic, pearly mass, somewhat resembling fibrine. Boiling 
with strong alkalies converts gelatine into gelatine suffor, a 
sweet, crystalizable principle, containing C4H5NO4. 

Common glue is prepared from refuse skin or bones, either 
by extraction with hot water, or by the pressure of steam. 
The best glue b prepared by the latter process. The con- 
centrated hot solution is then allowed to settle, and the thin 
liquor yields on cooling, a stiff jelly, which is cut by wires 
into thin cakes, and placed to dry upon packthread nettings, 
which give it the common grooved appearance. The horns 
of the halt produce gelatine of the first quality. These are 
reduced to the state of shavings, that the gelatine may be 
more easily extracted. Jellies for invalids are often prepared 
from these shavings. The adhesive power of glue is much 
increased by adding to it white lead or borax (about 1 oz. 
or 1} oz. to 1 lb. of fflue.) 

If a solution of gelatine, albumen, fibrine, caseine, or prob- 
ably any of the more complex azotized, animal principles, 
be mixed with a solution of sulphate of copper, and a large! 
excess of caustic potash be added, the greenish precipitate 
first formed is redissolved into a purple solution of indescri- 
bable magnificence, and great intensity. 

Gelatine is largely employed as an article of food, in soups, 
&c. Great quantities of size and glue are consumed in the 
useful arts. 

411. The blood, respiraticn. The blood is the general cir- 
culating fluid of the animal body, the source of all nutriment 
and growth, the general matter from which all secretions, 
however much they may differ in properties and composi- 
tion, are derived. Food or nourishment can only be made 
available by being first converted into blood. It serves also 

Mention some of ito properties. Write the formula for gelatine sugar. How is 
this substance prepared ? How is common glue produced I Mention some of 
the uses of gelatine. 
411. Mention some of the purposes which are served by the blood. Explain 
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Blood corpaaclM magnified 400 
diauetcn. 



Fig. 104. 



the searcely less important office of remoying from the body 
principles which are no longer required. 

WhOe circulating in the vessels, blood consists <^ a near- 
ly colorless and transparent liquid, in 
which float myriads of minute, vesicular 
bodies, or corpuscles, of which by far the 
greater number are of a bright red color, 
(Fig. 103.) These are so small as to be 
individually quite invisible to the naked 
eye, and therefore give the blood the ap 
pearance of a homogeneous red fluid. 
Besides the red corpuscles, there are al- 
ways present a few colorless particles 
having irregular forms, and diftering in 
other respects from the red corpuscles. 

These bodies are found to present different appearances 
in the blood of different animals. In the mammifers they 
are round, red or yellowish discs ; in 
birds, lizards, frogs, and fish, they are 
elliptical. In magnitude, they differ with 
the genus and order, although quite con- 
stant in members of the same species. 
The red corpuscles of the human blood 
vary from j^jjj^ to ^^js o^ ^^ i"ch in di- 
ameter, while in the frog the longer diam- 
eter of the ellipse measures at least four 
times as much. In some of the lower 
order of animals the blood is entirely de- 
void of redness, and nearly colorless. 
This is called white blood. With white 
blooded animals the muscles are also white, as with fishes, 
frogs, reptiles, &c. 

The temperature of the blood in all vertebrated animals, 
is above that of the medium in which they live. In the 
mammalia this is very apparent, and in birds still more so. 
The heat of the blood is dependent upon respiration, and 
is proportioned to its activity. In man it does not vary 
much from 98^, even under great vicissitudes of climate, 
provided the system be in a healthy state. In birds it is 
sometimes as high as 190°. This blood^ consists of two 
kinds, which differ considerably, viz., that contained in the 
left side of the heart and in the arteries generally^ and that 




Wbita csrpuaclef of tbs bloed 
magnilM 400 dianwton. 



figs. 103 and 104 . What is said of the temperature of the blood ? Of what kinds 
is blood composed 7 What is said of the arterial blood !— of venous blood t In 
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eoDtained in the right Me and tft the veins. The aitmal 
blood is bright red ; the venous blood k dark claret-colored, 
aometimea approachbg to black The blood atreama out of 
the left aide of the heart through the arteriea into all parts 
of the body, from which it returaa dark cokyred through 
the Teins to the ri^ht ude of the heart. Before it recom- 
mences its circulation, it is impelled through the lungs, in 
which it comes into ccmtact with the air. This enters tkrough 
the cellular membrane of the lungs by endaemoge (189.) and 
unitmg with the carbon of the venous blood, (forming car- 
bonic acid,) escapes by exestMee without the cells of the 
lungs, whence it b exhaled to the external air. By this 
process the excess of carbon being removed from the dark 
venous blood, it is converted into light arterial blood. The 
formation of carbonic acid within the lungs is the same as 
that in the combustion of fires, and is attended by many of 
the ssme effects. When wood is burned, the oxygen of the 
air unites with the carbon ci the wood, and carbonic acid 
is formed ; heat is at the same time given out. In the same 
manner the oxygen of the air unites with the carbcm of the 
blood, chiefly in the lungs, and while carbonic acid is formed 
heat is also evolved. Wood supplies the fire and continues 
its. combustion; food supplies the wants of the animal body 
and continues the vital heat. 

In its ordinary state, the blood has a density rarying 
1-053 to 1*057. It feels slimsy, and has a decidedly alka- 
line reaction. It has a saline and disagreeable taste, and, 
when quite fresh, a peculiar odor, or Aalittu, which almost 
immediately disappears. An odor may, however, after- 
wards be developed by adding sulphuric acid, and this odor 
is by some considered characteristic of this animal from 
which the blood was obtained. 

One of the most remarkable peculiarities of the blood, is 
its ^ontaneous coagulation when separated from the body. 
The fibrine of the blood is held in a state of solution, while 
circulating in the vessels, but no sooner is the blood removed 
from the system, than it begins to separate in the solid state, 
after which it becomes quite insoluble in water. If this co- 
agulum be placed upon bibulous paper, and drained as much 
as possible from the fluid portion, and then put into water, 
the colanng matter dissolves, forming a magnificent crimson 
solution. This is called hematozine. It contains albumen 

what respects does respiration resemble combustion ? What is said of the co- 
agulation of blood ? AVfat is bematosine \ In what respects does it differ from 
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and coagulates by heat, and by additioii of alcohol, but can- 
not be s^arated from the albumen. Hematozine differs 
from the other animal principles,, in containing as an essen- 
tial ingredient, oxide of iron. A solution, rich "in oxide of 
iron, may be obtained from the dried . clot of blood by cal- 
cining it in a crucible, and digesting with dilute hydrochlo- 
ric acid. • The healing of wounds is produced by the coagu- 
lation of the fibrine of blood, and furnishes one of the most 
striking proofs of design in the construction of the. human 
frame. When an incision, or laceration of the body hap- 
pens, the blood issues from the divided vessels, fills up the 
wound, and then coagulates, unless a very large vessel should 
be opened, and the blood flow too rapidly and escape. The 
clot remains while the serum evaporates. Organizati<m 
then takes place in the fibrine ; that is, new bloodvessels are 
foi-med in it, connected with the adjacent old ones ; new 
nerves are also produced through it, and it soon becomes a 
living mass. Kest and quiet are all that nature requires to 
complete the process, and the simplest dressing of the 
wound is, therefore, all that is required. 

The composition of human blood varies continually in a 
greater or less degree. It cannot, therefore, be determined, 
except for the individual, and the time. The slightest cause, 
as for instance, drinking water freely, will effect an entire 
change in the analysis of the blood of individuals. The fol- 
lowing table, will, however, give a general idea^of the con- 
stitution of the blood: 

In lOOOparts of blood were contained in two analyses: 
Water, 
Fibrine, 
Albumen, 
' Crystalizable fat, 

Fluid fat, 
Extractive matter, 
AlbuDfen in combination with soda, 
Carb. sodium and potassium ; } 

Carbonates, phosphates, and sulphates > 8.37, . 7*30. 

of potash and soda, ) 

Carbonates of lime and magnesia ; ) 
phosphates of lime, magnesia, and > 2*10, 1*42. 

iron, peroxide of iron, ) 
Loss, 2-40, 259. 

1,000-00, 1,000*00. 

The presence of saline matter and albumen in the blood, 
prevents the solution of the red corpuscles. These are very 

the other animal principles ? How is the healing of wounds produced by the 
coagulation of blood ? Why are not the red corpuscles dissolved in the blood ? 

26 



780-15, 


785-58. 


2-10, 


3-57. 


65-09, 


69-41. 


2-43, 


4-30. 


131, 


227. 


1-79, 


1-92. 


1-26, 


201. 
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Miilir ioluble in water^ and the limit of dil«tioii within 
whitt they can remain oniinuTed, is nearly reached m the 
Uood, for when water is added, they are immediately at* 
tacked. 

4124 2%e hmg9 are made up of an immense number of 
cells connected with the windpipe. In the act of respiradoiit 
they are perfectly passive, the air being introduced and ex- 
pelled alternately by the contraction of the muscles of the 
chest. The manner in which this is done, may be undez^ 
stood from Fig. 105. Let the glass globe^ A, represent the 
capacity of the chest ; b, by are sheets of gum-elastic stretch^ 
ed over openings in the globe. B is a bladder 
Fig. 105. introduced into the top ofthe globe, and tied over 
the neck in such a manner, that the air can enter 
within the bladder, but not within the ffk>be« If 
now the sheets of gum^elastic &, ^ be Smrm oat 
by the strings attached to the center of these sheets* 
, the capacity of the globe will be enlarged, and, 
I consequently, the air within will be rare&d. The 
external air, therefore, rushes into the bladder 
through the top, and dilates it exactly in propor- 
tion as b, 5, are drawn out. Ifb, b, are now allowed to con- 
tract and return to their former position, the bladder will also 
contract and become flaccid as at first. In a similar man- 
ner, when the cavity of the chest is enlarged, the air rushes 
into the lungs, which are suspended in the chest like the blad- 
der in the glass globe, and when this cavity is diminished^ 
the air is forced out. The capacity of the chest is enlarged, 
both upwards and downwards ; upwards by muscles, the 
contraction of which draws the lower ribs upwards and out- 
wards; downwards by the contraction of the diaphragm, 
which covers the bottom of the chest. 

The number of respirations average about 17 each min- 
ute, and at each respiration, about 17 cubic inches of air are 
introduced. By a forced effort, 50 or 60 cubic inches may 
be expelled. About seven tons of blood are daily exposed 
to 226 cubic feet of air. Inhabitants of very cold countries 
maintain the temperature of the body, by consuming enor- 
mous quantities of food of a fatty nature, the carbon and fay- 
droffen of which are chiefly employed in ihe production of an- 
imal heat. These people live by hunting, an occupation that 
requires great muscular exertion, and consequently quick- 

4ia. Whftt is said of the lungs! Explain Fig. 105. How do miMbitaati of 
tsiy cold ooumhes maiiitaiii the temperaton eftheir bodiet t 
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Fi«,106. 



ens and deepens the breathing, while from the increased 
density o£ the air of those regions, a greater weight of 
oixygen is taken into the lungs, and absorbed into the 
blood at each inspiration. In this manner, the tempera^ 
tare of the body is kept up, notwithstanding the piercing 
cold* 

413. The skin is an elastic substance, covering the whole 
body. It consists of a thick tissue of cells between which 
are small openings (pores). Fig. 106, represents a piece 
of human skin, as magnified by the 
microscope. Through these pores, 
a substance, partly oily and partly 
watery^ is separated, together with 
some carbonic acid. There is a slight 
difference in the composition of the 
finely (H-ganized and highly elastic 
membrane which forms the coat of 
the arteries, and the coarse epider^ 
mis of the foot, as will be seen from 
the following analysis : 

Aiieryeoal, 
Carbon, 63*75, 
Hydrogen, 7*08, 
Nitrogen, 15^36, 
Oxygen, 23*81, 




10000, 



5104. 

6-80. 

17-23. 

24-93, 

100-00. 



A little sulphur was found in the epidermis. Hair, horn, 
nails, wool, and feathers, have a similar composition. They 
all dissolve in caustic potash with disengagement of ammonia, 
and the solution when mixed with acid, deposits a kind of 
proteine (p. 293) common to the whole. 

In an experiment tried on a healthy individual, it was 
found that 14 oz. of carbon were given off in the state of car* 
bonic acid in 24 hours, from the lungs and the skin. During 
the same time a horse consumed in respiration 77 ounces^ 
and a cow 70 ounces. 

414. MUkf when examined by a microscope of even mod- 
erate power, appears to consist of a perfectly transparent 



413. Of what does skin consist T Explain Fig. lOS. What is the office of 
the pores T 

4U. Of what does milk consist T Explain Figs. 107 and loa. What is cream t 
How is batter produced T How maj butte? be preaenred s great length ol 
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fluid, in wliich float nutdbers-oftnuis^ 

^' parent glolmles, which eonsiat of £at 

^••o ^oS^o^ .. (Fig. 107.) The size of theaeglob- 

oo^oo«<^ <4 ulesTaries from a mere point to about 

^*^f%A c***S3?oo*^ ^^ °^ "" ^"^ "* diameter, die ave- 
9 1^^ A ^V^ ^k ''^^^ ^^® being rather more than ^ ^^^ 
Vo«iT*' *? ^^ ^ ^^^^ ^^® °**^ winch i8i)b- 
o^ocd^lfo^ ^^®o tained during the first few days of 
O ^•^o o ^ lactation, is id ways much richer than 
ordinary milk. In this we find, in 
addition to the common milk globules, numerous granular 
corpuscles (Fig. 108.) of a pale, yellowish color, and consid- 
erably larger than the others, their 
diameter varying from 7^^ to 

«»JMH'-mS?" O^ofanmch. 

J^SfmBfm la W ^^^^ suffered to remain at rest 
^^ wfC» ^ £qj. gQnie hours, at the ordinary 
temperature of the air, a large 
prcmortion of fat globules collect 
^ w«^nH»^^ar ^t ^® siu-face in a layer of cream. 
^3c&^B^^f^^9^ If this be now removed and expo- 
'^9^ r*^^oL^^^§^^0 sed for sometime to strong agita- 
Vf*mP ^'^w^oS^^ ^o°» ^® membranes of the oil 
globules are torn, they coalesce in- 
to a mass, and the remaining watery liquid is expelled from 
between them. The butter so produced must be thoroughly 
washed with water, to remove as far as possible the last 
traces of caseine, which readily putrifies, and would in that 
case spoil the butter. A little salt is usually added. The 
butter thus prepared is not entirely free from butter milk, 
and, therefore, cannot be preserved a great length of time, 
without being datified by fusion. The watery part then 
subsides, and carries with it the residue of the azotized mat- 
ter. This process, unfortunately, impairs the flavor of the 
butter, and is not, therefore, generally adopted. The pro- 
portion of margarine and oleine in butter, on which depends 
Its consistence, varies with the season, or rather with the kind 
of food. In summer, the oily portion is more considerable 
than in winter. In a fresh state, when taken from a healthy 
animal, milk is always feebly alkaline. When lefb to itself, 
it soon becomes acid, and is found to c(Hitain lactic acid^ 
which cannot be discovered in the fresh condition. The al- 

time ? Haj fresh milk alkaline or acid properties T To what is the alkaline 
^aracter of fresh milk owing ? Why is phosphate of lime dissolved in milk ? 
What acid 13 produced in milk on standing X What is said of the density of milk T 




kflUftitj is due to the «oda which holds the eaaeine in «olu« 
lion. In this soluble tornu caaeine possesses the Mwer of 
taking up and retaining a considerable quantity of phosphate 
of lime. The density of milk varies exceedingly, and its 
quality usually bears an inverse ratio to its quantity. By 
seeding on certain kinds of food, the quantity is often increas* 
ed at die expense of the quality. An analysis of cow-milk 
gave the following result : 
Od« thoBsuid paiti of milk fwtiU<B»d 

Water, STd'OO. Phos. mafnesift, 0*42. 

Butter, 30-00. '* inm, 0-07. 

Caseine, 48'30. Chloride of potassium, 1*44^ 

Milk-sugar, 43-90. " sodium, 0-24. 

Phosp. lime, 2-31. Soda, 0*42. 

415. The production qfjutia increased by a state of rest, 
a warm situation, and an abundant supply of food. Every 
part of the body is wasting away, but this waste takes place 
much more rapidly by exposure to cold, or with active exeiv 
cise. The fat of an animal is a provision of nature for the 
maintenance of life during a certain period of privation* This 
may be produced by the vital energies from food that con- 
tains no fat ; thus bees will produce wax, though fed upK>n 
pure sugar, and animals will grow fat on food that contains 
no nitrogen, although this is an essential constituent of fat. 
Still the assimilation of fat takes place much more readily 
from food in which it is already contained, and hence this 
deposition, and the production of butter from the milk of an 
animal, bear a certain relation to the amount of oleaginous 
matters found in its food. For this reason, Indian corn, 
which contains from 8 to 12 per cent, of oil, furnishes one of 
the most valuable articles for feeding and fattening cattle. 
OH cakCf or the residue of linseed oil factories, produces a 
still more striking effect in fattening cattle. 

416. Bonet consist of an animal and an earthy matter (phos* 
phate of lime, bone earth.) Bones also contain ^ 
from 6 to 7 per cent, of carbonate of lime. The ' .* 
amount of tms substance in bones, is determin- 
ed by the arrangement represented in Fig. 109. 
A small portion of the pulverized bone is put in- 
to the flask, a. This flask contains a little^water» 
and a small tube, c, holding h^drochlonc acid. 
A chloride of calcium tube, b, is attached to the I 
cork. The whole apparatus is now weighed, 

415. What circfMnftaneet tend to increiM the pfodactuMi of iatt What is 
the object ef fat! 

26* 
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after whicht the add is allowed to flow gradually out of tiie 
tube, c, by inclining the flask. The dilute acid thus formed in 
a acts upon the pulverized bone > and expels its carbonic 
acid. This passes off* throujzfa the chloride of calcium tube, 
h, by which it is deprived of its moisture, and thus nodiin|r 
but carbonic acid escapes from the apparatus. The amomit 
of this gas ia, therefore, what is lost, which maybedetermiii- 
ed by weighing the apparatus again, and comparing tbe 
second weight with the first From the amount of caroonic 
acid thus determined, that of the carbonate of lime may be 
ascertained, for 50 parts of carbonate of lime contain 22 parts 
of carbonic acid, and the weight obtained must therefore be 
increased in the proportion of 50 to 22. 

The following table shows the composition of the bones of 
an adult, compared with those of a child : 





Inorganic matter. 


Orgamc 


nuUter. 




AduU. Chad. 


AduU. 


ChUd. 


Femur, 


6249 67-51. 


37-51 


42-49. 


HttoMnis, 


63-08 58K)8. 


36-98 


41-92. 


Radius, 


6051 5650. 


39-49 


4350. 


Os temponim, 


63-50 55-90. 


36-50 


44-10. 


Costa, 


57-49 53-75. 


4251 


46-25. 



From this table it appears that the bones of the adult are 
in every instance richer in earthy salts than those of a child. 
During the earliest periods of life, they consist almost en- 
tirely of gelatinous membranes, having the form of the bones, 
but of a loose, spongy texture. The cells or cavities of this 
texture are afterwards filled with phosphate of lime, and by 
the gradual acquisition of this salt, the bones acquire hard- 
ness and durability. A portion of the phosphate, after the 
bones of the infant have been sufliciently expanded and solid- 
ified, is deposited in the teeth, which consist at first only of a 
gelatinous membrane, or case, fitted for the reception of this 
salt. After acquiring hardness vrithin the gum, the new 
formed tooth protrudes from it. 

In (juadrupeds, the phosphate of lime is deposited likewise 
in their horns and the hair or wool with which they are gen- 
erally clothed. In birds it serves also to harden the beaks, 
and the quills of their feathers. When animals have arrived 
at a state of maturity, and their bones have acquired sufficient 
solidity, the phosphate of lime which is taken with the food 
is seldom assimilated, excepting when the female nourishes 

416. Of what do bones consist ? Explain Fig 109. In what respect does 
the composition of the bones of a child differ from that of the bones of an adult I 
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her yoimg with milk ; it is then assimilated in the milk for 
them^ to strengthen and complete their bones. 

417. Rdatiofu of chemMtry to common life. In the brief 
survey which we have now taken of this most extensive 
science, we have found every part intimately connected with 
life. In inorganic chemistry, we have been led to the compo- 
sition, and, in a degree, to Reforms of vegetable and animal 
structures ; we have followed the principle of life in its or- 
ganization of the animated world around us, and of our ovni 
frames. In organic chemistry we have become acquainted 
with the nature and properties of bodies, which, either in 
their simple state or in combination with other bodies, we are 
constantly meeting with, and employing in the various pro- 
cesses of art, of agriculture, of domestic economy, or in med- 
icine. While such is the vnde range of this science, there is 
none that so thoroughly investigates the bodies which are the 
objects of its study. The atoms of these bodies are its appro- 
priate study, and all its investigations are founded, not upon 
the laws which control masses, but upon those which govern 
the ultimate particles of bodies. Hence, its knowledge is 
complete ; so far as explored, the subjects of its study are 
thoroughly known. 

In this thorough investigation of nature, we find no fault 
to mar the beauty or perfection of her works. The smallest 
atoms are obedient to laws of perfect wisdom, and every com- 
pound which these atoms form, is perfect in its construction 
and in the properties by which it is related to other bodies. 

417. What is said of the relations of chemistry to common life 1 How does 
this subject illustrate the wisdom and goodness of the Creator? 



EXPERIMENTS. 



(I.) Freifzing mixtures ; snow 4 drams, chloride of calcium (pulverized) 5 
drams, — this mixture freezes mercury, and the thermometer sinks from 32^-f-to 
— 40^ ; — snow 2 drams, chloride of calcium 3 drams, — this mixture freezes nitric 
acid, and the thermometer sinks from 15^4"^ — ^ i snow 8 drams, sulphuric 
acid (diluted,) 10 drams, — freezes almost erery known liquid ; alcohol, hower- 
er, is said to require a freezing mixture of — 110^. When the thermometer is 
reduced by the last mixture to— ^o, it may be reduced by this to ^91o. 

(2.) Bengal Ughte ; nitre 28 oz., sulphur 12 oz., realgar or orpiment (313.) 
S 1-2 oz. ; or nitre 6 oz., sulphur 2 oz., orpiment 1 oz. ; or nitre 6 oz., sulphur 
2 oz., sulphuret of antimony 1 or 2 oz . Indian white fin ; dry saltpetre 24 parts, 
dnr sulohur 7, fine dry charcoal 1 ; or reaUar 2 |>arts instead of the charcoal. 
The whole should be intimately mixed and cautiously dried near the fire or 
orer a stove. Chinetefire; meal powder (crashed powder) lib., sulphur 2 oz., 
sulphuret of iron 2 oz., or meal powder 1 lb., sulphuret of iron 4 oz. Portfire, 
nitre 4 oz., sulphur 2 oz., gimpowder 1 oz. Red and green fire are very diflScult 
to make, but the^ may be purchased cheaply at Chilton's, in New York. The 
volume of flame m these fire works may be greatly augmented by the addition 
of a little Canada Balsam. 

(3.) Sulphwrie add 1 oz., water I oz. This mixture will boil water in a glass 
tube. Concentrated sulph. acid dropped into water causes a hissing sound like» 
red hot iron. — ^Rub together sulphur and potash in equal parts ; they unite with 
hMt, and form sulphuret of potash. — ^Add 1 oz. of hydrochloric acid to 1 oz. of 
ammonia, great heat will be produced br the mixture. Most intense heat is 
produced when 1-2 oz. of hydrofluoric acid is added to an ounce of water. This 
acid should be poured from a leaden bottle attached to a stick, four or five feet 
long, and the cup containing the water, should stand on the hearth. — ^Add water 
to quicklime (p. 172.) Oreater heat is produced by adding sulphuric acid to 
lime.— Mix 1-2 oz. of strong sulphuric acid with 1 oz. of strong nitric acid, and 
pour the mixture into oil of turpentine. The turpentine will burst into a flame. 

(4.) DeoompodXiom by Galvanism. Color sulphate of potash solution with 
litmus. Pour this solution into a large glass bowl or vase, and fill two laige 
tubes with the same solution. Invert the tubes in the bowl, and underneath 
introduce the electrode,'^ rising a considerable height within the tulies. A 
change of color will soon appear. The solution in the tube containing the posi- 
tive electrode, will become red, that in the other tube, will become deep blue. 
The electrodes in this experiment should terminate in long strips of platinum 
foiL To vary the experiment, take a single narrow dass jar, or very wide 
tube, and within this insert both of the electrpdes. The |Nurt of the solution 
towards the positive electrode will become red, while that towards the nega- 
tive electrode will be deep blue. This result is produced by the decomposi* 
tbn of the sulphate of potash which contains an acid (sulphuric), united to an 
alkali (potash.; When decomposed the acid goes to the positive electrode and 
colors the solution of Utmus around tbAt electrode red, while the alkali goes to 
the negative electrode, and that portion of the solution therefore becomes blue. 
To vary this experiment still faitner, use cabbage liquor instead of litmus so- 
lution with the sulphate of potash ; also connect the two vessels containing the 
solution with lamp-wick or fine asbestos, and place one electrode in one vessel, 
and the other electrode in the other vessel. The different colors in dus case 

* Greek electrsn and edse (the path of the electricity,) applied to the temination of 
the wires, or the poles and the wue near the pole* 
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will appear b tb« dUTerant tenok, fm tba acid aid alkali of dia MfaftlotL will 
paaa ttmi^h tlie aabeatoa, the fint to the yaiael f>ontaiaing the poaitiw eiee^ 
tfode, and the aecond to the Teasel oontaiiUBc the aegatiTe etoctiode^ A dd 
hvdoehlotic acid to a aoltttion of aolphate of inoiio. 1a this aelutiaa place the 
eleotitMlea while the batteiy it ia aetioa. The hydioehkifie aeid will be deeoB- 
poeed in the aolutioa. Iti chlorine aet free wUl bUaekCidS,) the eolphata of 
umU|0.— Add iodate of potatea to a aola^a of ataieh. Place the electrode ie 
the eolotioii, and the iodate of potaasa will be deo oa a p oaed. Iti iodine set firee 
will €oUr tk» Mtarek Ma* (141.) If h>;dmchIotic acid be now added, end the 
calfaiiie aetioa oontiaued, the acid will be deooeipoaed, and the ehhwine aet 
ffee will hUmek the Uoe iodide of starch in the aolatioa. — ^Piepaie a paper br 
eoveriac it with a aolutkm of starch, to which iodate of potaasa liaa been added. 
While the paper ia still moist, place the point of one or the electrodes upon it 
aad diaw the poiat of the other over it. This last point will make a bliie line 
whereter it c rosses tfte paper, for, in this line, the iodate of potasaawill tiede- 
oompoeed hj the galvanic cunent, and the free iodine will eobr the ataroh with 
which it is u contact In this manner, blue letters aad bine writing taxf be 
formed with the meUllio point of the electrode. A solotiott of litmvs nddened 
by hydroohkNic aeid amy be bUaekedf by placing the eleetrodea in the aolutioii. 
Were it not for the bleaching propeity of chlorme, the deeompoeitioii of tlw 
Iqrdraehkmc aeid would restore the litmus eolution to ita original Uoe eoloa: 

BU€lrMyp§ dteompniiioHt : sulphate of copper, with the depoeition of the 
BMtal upon any bnghi metauie surface, also chloride of manganese, nitrate of 
ailver, aoetate of lead, muriate of tin. Moat other aahs of these metale will 




tive pole of die battery with the mercury, and a platinum wire finm the p oa iti f e 
pole with the potash solution. The potash will be rapidly deoompoaed, aad 
the preeipttated metal will unite with the mereur7, forming an amal ga m. The 
amalgam thus formed has the propeity of dissolvuig sll the other metals.— If a 
ooneentraled aolutionof sal ammoniac be used instead of the caostie aotarii, 
an amalgam of mercury and ammmium is formed. (There «Ao«U te a rerarenee 
to this experiment fnm art. 221.) In forming this amalgam the mercury ex- 
pands neatly in ▼olume.— The two last experiments may be performed more 
easily ay placing a piece of moiatened caustic potash, or sal ammoniac, oa a 
platinum plate which ia connected with the negative pole of the batterr. Upon 
the potash, or sal ammoniac, is placed a globuw of mercury. When the dreoit 
is completed the amalgam is rapidly formed. 

(5.) Few experiments can be pefformed ia electro-magnetism without a bat- 
tery of considerable power. Among those more easily performed are the fol- 
lowing. A wire is rendered maxnetic l^ the galvanic current Connect the 
poles of the battery by a wire and it will support iron filing, dEC.-*If die cur- 
rent passes from north to south over a magnetic needle, this will turn at right 
an^lea to the wire, and point east and west. The north pole in this case always 
points east.— If the needle is placed beUno the wure white the current is passing 
from north to south, the north pole will more towards the west.— By leTersing 
the direction of the galvanic current the positions of the needle will be reversed. — 
These experiments mav be still farther varied by passing the galvanic corrsnt 
vertically either upwards or downwards.~By makmg and breuing the contact 
of the wire with one pole of the battery, and, consequently, making aad break- 
ing the galvanic circuit while the needle is near the wire, it may be made to 
oscillate, and, if the current be sufficiently strong, to revolve the entire eireoit 
--rOfeufeif « Natural Philoeophy, p. 306.) 

(6.) Into melted rosin one part put three parta of lard ; the two will unite 
and form a compound that is more fluid than either of die constituents. Other 
examples of affinity between bodies of a different nature are salt and snow, 
snow and sulphuric acid, the metals and the acids. 

(7.) Hence similar bodies, as the acids, expel each other to unite with the 
bases (see note^ p. 95,) which are entirely opposite in properties to seidn. 
Hydrocyamc acid is expelled from its combination with baryta oy carbooici car- 
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bonic bjrailiviUtnttniai by lalplitiroai, •ulpfaaroiii by boracic, boraeic by aeetiis, 
and ao «n lA ^e Ibllowmg older, benzoic, citrie, araenic, tartaric, hydroohloric* 
nitric, phoaphoric, oxalic, aalphuric, wbich exjpela all tbe otbeis from their com- 
biaationa witfi baryta. For all other baaea a aimilar aocceMion of affinitiea by 
the acida «xjj»t8, while but few of the baaea nnite with each other, 
f (8.y To 1-S 01. anlphate of soda add !•% ox. nitrate of ammonia ; no action will 
take place till they are nibbed together in a mortar, when they combine vod the 
eoaipo!(lad ia fluidL To l-Soa. aulphate of soda add 1-3 ounce aulphate of sine 
and 142 OS. acetate of lead. The aame effect will take place aa in the laat mix- 
ture when theae are nibbed together. Solution produces chemical action for a 
aimilar leaaon. Soda powders remain weeks without action unless water be 
added. Fusion has, in many eases, the same effect. Ice and soda will not acs 
oa each other. Silica oraand and soda will not act But melt the ice or the 
aiUca, and the aoda will diasolTe in the fused mass. Potash and sulphur will 
not unite until melted together, but after this, the fused mass will disaolre in 
water without separation, while, before fusbn, the potash would dissolve, and 
the sulphur remain undissolted. The potash and sulphur may also be united 
by rubbmg together in a mortar (Expt. 3.) 

(9.) As ammonia and cyanogen are each composed of two elements, their salts 
contain four elements, as the sulphate of ammonia, which contains sulphur, oxy- 
gen, and aomionia (nitrogen and hydrogen), and the cyanate of potash, which is 
composed of potaah, oxygen, and cyanogen (carbon and nitrogen). In the dmAlt 
salu (253, and £xpt. 56.) the number of constituents is often more than four. A 
third oonmoond wfll sometimes increase the affinity of two others, to which it 
nay be added. Thus water will dissolTC more quicklime when sugar is added 
than it will without tbe sugar. 

(10.) The compound of gold and lead is exceedingly brittle, though these met- 
als are malleable, and the first the most malleable of all the metals (315.) Tin 
and iron form a very brittle alloy, thou jih these metals, separately, are both mal- 
leable and ductile. So platinum and lead, two soft metals (when pure), form 
an exceedingly hard compound. Allthe compounds of platinum with the soft 
metals are quite hard. The least alloy of platmum produces this effect ; hence, 
the haidaess of ordinary platinum. — Pour a coloriess solution of ammonia upon 
white calomel, the color is changed to a dense black. — Almost all the salts (p. 
93.) of the metals are entirely different from the metals, both in their appearance 
and properties. Sulphate of copper, chromate of potash, the salts ot meroury 
and iron, are examples. 

(11.) Iron takes away acid from copper ; hence, when a polished knife blade 
is plunged into a solution of a copper salt, the iron is dissolved, and metallic 
copper precipitated, which soon covers the knife with a coating of copper. Wa- 
ter takes alcohol from a solution of camphor; therefore, when water is added to 
this solution, the camphor is precipitated. 

0rop a little aqua ammonia into a solution of sulphate of iron. The sulphu- 
ric acid of the sulphate of iron will leave the metal to unite with the ammonia. 
Sulphate of ammonia will be formed, and oxide of iron be precipitated. 

(12.) Nitrogen and oxygen in one proportion form nitroua oxide. 'Vllien the 
oxygen is doubled, they form niiric oxides which is the next compound above ni« 
irous oxide. The next compound, hypmitrmu add^ contains three proportions 
of oxyfen. Four proportions of oxygen with one of nitrogen, form nitrmu add, 
and fivejproportions nitric acid, 

(13.) Fig. 110 represents the best method of preparing this tube. It consists 
of two parts, a, and 6, united by the india-rubber con- 
Fig. 110. nector, c. This tube may be preserved and used for 

"^ other gases. The flexible end, 6, will be found very 

^^ convenient. 

J^ I (14.) What remains in tbe flask after cooling (this 

^^ . ]| • should be gradual) may be dissolved out with water. 

Vttay/ The tube, 6, efumldnotbe left in the water after tkegaM 

^^^ has ceased coming ever, as the gas within the flask wiU 

eontvact when the lamp is withdrawn, and sometimes before, and this contraction 

wilt draw the water up the tube, 6, into the flask, and produce an explosion. 

(16.) Two fine wires should be prepared, or two watch-springs. One of the 
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I or wateli-tpniici abodd bt made iato ft ooil, far takinsoiU tltf 
tiag it around a rulert or a ^laaa tube. The coil ahonld be aboot a naif i 
laea ia diaowter. Tbe other wue, or watoh<«i>rinf , abould be left wtraight. The 
atchoatbe ead ahouid be ipade with coaaid er aMe oare, to inaoie aneceaa and 
the beat effect. It may be ouMle by winding around the end of the wire about 
sis inchea of coaiae cotton thread, aoaa to lonn a little balL This ball ia then 
dipped into aolnhar. Beforo introducing the wira into tbe jar of oxygen, as 
much of the aulphur abould be allowed to bum off aa poaaible. This wm heat 
the end of the wure to the requiaite temperature, and tbe waate of oxygen in the 
eonsumptioa of a large amount of anlphnr will be avoided. 

tlw fbUowing experimenta may be tiled, to illuatrate aome of the moat im- 
pottaat propeitiea of^ ozvgen. — 1. £ffect on a candle introduced into a jar of 
oxygen. 2. if the candle has a laige wick (as that of a tallow candle), wkkk 
rwweiwt igniud after being Mown oal, it may be relighted in ozrgen, and this ex- 
periment may be repeated a great number of timea with a small jar of os^gea. 
4. Bum phoapbonis in oi^gen~a piece about the sise of a pea, in the ^-^ 



tmg nam (aee " chemical apparatus'*) ;— do. cotton or coitom seed. 5. Show sp. 
gr. ot oxygen, by pouiiog it out on an extinguished taper or lamp lighter (see 
''chemicaTproceasea**}, which may be relighted in thia manner. 6. Bum caout- 



chouc in oxygen — on the end of a copper wire, or in the deflagmting spoon ^- 

do. camphor, sulphur, charcoal (that ot li^ bt jpne wood, or thorouj^hlj charred 

bark), potassium, I •-"-'-*• 

nitrate of cofmer ni. 

or any aalt of soda i ^ . 

lime do., aeveral of the oila, as olife and linseed oila, on cotton attached to a 

copper wire. 

An india-rubber bag may be used to produce a jet of oxym gas, and far this 
jet, a variety of beautiful experimenta may be performed. It may be used with 
or without the flame of a spirit lamp, according to the experiment to be performed. 
When the object is supported on charcoal, a lamp lighier is often preferable to 
a spirit lamp to commence the combustion, after which it is continued by the 
charcoal and the body e:q>erimented upoiL To use this jet, ia a small cavity 
made in the charcoal support (by boring with a large acrew-driver or small chisell 
introduce the following substances ;— nitrate of strontia, nitrate of copper, bora- 
cic acid, amber, alum, aulphuret of lead (which is first reduced, and the metallio 
lead afterwards bums), acetate of sine, metallic zinc, metallic copper, aulphuret 
of iron ; watch-sprinn broken up fine and introduced into a deep cavity of the 
obar^, and covered with a little lamp black (they are first heated red hot, and 
then fly off in a shower of brilliant sparks), iron filings prepared in the same way 
as the watch-sprinf(8, carbonate of soda, antimony or one of its salts, oxides of 
silver and gold (which are reduced tofulguratim, 211.) 

The agency of oxygen in producins colon may be shown by a variety of ex- 
perimenta :~Damp faded silk, placed in a dry phial of oxygen gas, imbibes tbe 
gas, and in a few daya ia restored to its original brilliancy. Thia effect is, how- 
ever, sometimes destroyed by the presence of certain mordants [251 .][ A solu- 
tion of protoxide (protoaulphate) of iron is at first light-yellow, but by agitation ab- 
sorbs oxygen from the air and becomes reddish-brown. Fluorspar, and moat of the 
gema, owe their colors to the oxygen with which they are combined. Almost all 
the colors produced in the arts are manufactured from metallic oxides, and not 
only the intensity of the color, but also the kind depends, in a great measure, 
upon the d^ree of oxidation of the metallic baae. In this way, from bodies 
which, with few exceptions, possess little beauty of color, the most beautiful and 
brilliant colors are obtained.— Light, by deoxidising subetances, causes their col- 
ors to fade, although in other cases it darkena sttL«tanoes by producing decom- 
position. 

• (16.) The action of oxygen in producing acids and alkaliea, may be beautifuDy 
shown in the following manner : — Into two glass basins or vases, pour a solution 
of litmus, and upon a stand in one of the rases ignite a little sulphur. Over the 
burning sulphur, invert a jar (compare Fig. 37.) The fumes of the burning sol- 

{>hur withm the jar will form sulphurous acid, and this will be absorbed by the 
itmus solution beneath, the color of which will change to red. Into the oUur 
glass vase, place upon a stand a pellicle of sodium or potassium; set this on fire, 
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fmd mrert oyer it & jar, as in the preceding case. The combustion of the so- 
dium will form soda, which being absorbed by the litmus solution, will color it 
brown or reddish brown. In the first case, therefore, an acid was formed by the 
union of sulphur with oxygen, and in the second case, an alkali by the union of 
sodium with oxygen. The experiment may be raried by using cabbage liquor 
instead of litmus solution. That oxygen itself is neither acid nor alkaline (al- 
though many of the gases are, 147, 156, 158, 160, 161, 162.), may be proved by 
stispending a piece of litmus paper from the stopper of a jar, and then filling the 
jar with oxygen. Blue litmus will not be colored red, and reddened litmus will 
not be tinged blue. 

(17.) Tne air within the jar at first expands by the heat ; it must, therefore, 
have a vent in which it can escape from beneath in such a manner as not to over- 
turn the jar. This may be accomplished, by slightly elevating one side by pla- 
cing a small support, as a piece of stick, under that side. A better method, 
where it can be adopted, is to use a stoppered jar (see " chemical apparatus ")> 
and to the opening attach a bladder. Press all the air out of the bladder before 
inverting the jar over the burning phosphorus. The air in this case will find 
sufficient room for expansion withm the bladder, and none need escape from be- 
neath. 

(18.) A taper which has been extinguished in a jar of nitrogen, may be relight - 
ed in a jar of oxygen, but this must be done so quickly that a spark of fire shall 
remain on the wick of the candle after this is withdrawn from the nitrogen. 
This experiment may be varied by using three jars, one of nitrogen, another of 
oxygen, and a third of common air. In the first the candle will be put out, in 
the second relighted, and In the third it will bum as usual. 

(19.) Nitrogen may be prepared from animal fibre in the following manner :— 
Wash a piece of beef well, and cut it into small pieces ; put these into a retort, 
and pour some diluted nitric acid upon them. Apply the heat of a lamp, and 
insert the beak of the retort under a receiver. N ilrogen gas will come over and 
fill the jar. This is one of the best methods of preparing nitrogen. 

(20.) One of the most important points in chemical mani|)uIation, is to make 
tight junctions. We would suggest the following as that which we have found 
best. — Thrust the end of the retort into the gun-barrel, and fill up the space be- 
tween with potters* clay. Add enough clay to cover entirely the interval be- 
tween the gun-barrel and the retort, so that a strip of cloth will Ue evenly over the 
whole iunction. Then prepare some strips of cotton or linen, an inch or two wide 
and about two feet long, rubbing moist clay over them. When they are well 
saturated with clay and covered with a thin, smooth stratum, wind one of them 
around the clay at the junction, and bind down the whole with a cord of several 
feet in length. One strip of cloth may be sufficient, but it is generally best to 
use several. Before winding the cord over the central part of the jtmctunty hind 
doumwith cord the two ends. This will keep the clay from spreading, and cause 
the subsequent winding to bind it into one compact and firm mass. In some ea- 
ses, as where watery vai>or is to pass through the tube, white lead may be used 
instead of, or together with potters' clay. 

The analysis of water is continually performed in vegetation. All vegetables 
have this power, and thus are formed, by the hydrogen of the water and elements 
within the plant, oils, wax, gum, resins, sugar, &c., while the oxygen is given 
out by the leaves. 

(21.) It is not essential that the necks of the retorts should pass thrwgh the jar, 
for the combined gases, or the watery vapor produced by their union, being heated, 
will rise. The experiment may, therefore, be performed by lighting the hydro- 
gen in the open air after it has blown off the cmnmon oxrfrom vnthin the retort (118.) 
Apply the lamp to the other retort to drive off the oxygen, and bring the jar, a, 
(with the platinum suspended from the cork and reaching a little distance b^dow 
the jar) above the stream of the mixed gases, so that these shall strike on the 
platinum sponge. 

(22.) The pieces of zinc should be about an inch square, if cut out of sheet 
zinc ; if made from block zinc, they should be granulated. For this purpose, 
melt the zinc in a crucible and pour it out slowly into a pail of water. The 
zinc will congeal in small masses, or fragments, which may be obtained of any 
size desired, by pouring faster, or slower, into hot or cold water. The acid so- 

27 



110 BLsmifnr ev csbmistrt. 



tkM iMkilwttU b* iMlsd Iwibra beiag wmd, witli mmmmH im ijms bjF wihiab k 
mty b»Afmiimd wbctlMr it has MMsd tabt eipfesimi 

te> Ptar M«a ■tMognlpluiiieaciilMiafewMeeMQl siae^ TImt actioa 
vbwh iHgr ak firat tak« ataoe will mmo sob0i4»r Now add mora i wifr , tiie m> 
tioB win Bnamwnee agai»» aad tfana it mr ba mMwedaaveral fin i a a , fay aMing 
» lilllo watar aaeh tima. Any otker metal baaidea sma, that ia aam^ ao ci d wf d^ 
or cAaCtnU MMify wUkAmm tefgrn fnm wattr, will produce hydngaa. Amf oCh- 
ar aeid whiak wiil diaaolva ozidto of siaa^ magr ba waad iBataad of mi^iluuie 
aoid* 

dl3.) OaaooauotoftbaliibtiiaaaofbydiogaiiisbellraBgmdiiagaawiUbavd- 
IrbaaudiUaw Tba ba» may ba wmp t a did on a fiwaaaaboot tha baigfatol a jais 
aada atriac attached which ahaU roach banaath the jav. Cover the belt with 
the jar, and iatroduca hydrogen ham the gaaoaaeter^ or itom aflaak ; if the bell 



9 jar, and introduce hydrogan „ , 

ha laagt iia tone will coDtiaue to grow £uatar aa the jar ttb with byvhnogen, hd- 
Itl il ia aoaroely audible. 

(24.) For the puipoaa of tnhalatioB, hydrogen may be, in agroat degpea, paii- 
fiadby paaang it through aa alkaline aohitiea. (See amMgemeat (or waahiag 
gaa ** chemioal apparatua.") Fill an india-rubber bag with the gas, or fid 
the U mm fiA jmt (aee **che mi o a l aaaarataa ^^ aad attach to tha atop-ooek of 
die ^ar an india-ruhber tobe. Hold the jar over the paftuamtie ciatem^ 
aad inhale the gaa. As ihia ia withdrawn from the iar tha water witt riae^ aad 
whea it ia again exhaled the waterwill aioh within the jar. After tfasee <ir four 
mhatafimw, atUm^ to apeak 6e/W« tnatking tka gtm/rrm 1k» UmgSi, The ef- 
fect on the Toice will be manifest, but witt aooa disappeat. it ia onaeoeasary 
to breathe a great quaatity of the gaa. 

(S6,> Soap-bttbblee may be excee<!ingly impiUTed by the addition of a very 
anoiall quantity (1-100 part) of a thick gum-arabic soluticm. The Ugfatneaa ofhy- 
dmgea may also be shown, by taking a bell-riaaa full of this gas and inferimg it. 
With a taper the escaping gaa may lighted at some distrace above the bel^ 

(9&) These tones are best made b^ a eery wmmll flame horn a hrmsmjeL Much 
dependa on the form and siae of the jet, which sheuhi be small. 

(37.> We hare generally performed this ezperiownt with a large, l»ohen tohe, 
a* the nech of a retort. The same arrangement may be used to perform another 
ezpeMaeat. While the hydrogen ia burning at the nwnth of the bell-glaaa, in* 
troduee a sasall jet of oxygen from a bladder provided with a atop-coek and gae* 
jel. Thia jet of oxygen will bum on the ejttrior in contact with hydrogen, and, 
therefore, preaent a luminous cone, like the Common blow pipe flame (182.) 

iAn. 1 180 Soap-bubblea blown with the mixed gaeeft explode violently on the 
ap^ieatioa of a tame. A basin blown full of these bubblea will explode with a 
terrible ropost. A bladder filled with the mixed gaaea maybe exploded by 
piamsng lit with a pointed wiro heated red hot. A deafening e^leaion will en* 
aue» Thia mizturo may be exploded by the electrical spark, aad the bladder 
may, therefore, be prepared with an micmqrfrd wreuit Caa a broken wire, the 
partaaaaarated about 1-8 of an inch), by means of which, the mixed gaaea with«> 
m may be oxphMled. 

(38.) To eaperiment 28d, thia fact may be added, thafrae eoMMairvlcd a(nd will 
act upon zinc and similar metals ; a few drops of water will, however, bring oa 
a violent aetion. 

. (2».) CoUk water takes up 1-750 of Kme ; hot water only 1-280. A pint of 
boiliag water will dissolve 6 3-4 grains of lime, a pmt of freecing water, 13 1-4 
grains. Poor a little lime into cold water, and stir it o{> with the water far a 
abort time, then allow it to settle, and pour off the clear liquid which oontaiaa 
lime in sohition. Heat this solution to the hoiyng point ; as it becomes hot it 
will depoaita portion of its lime, and this will be dissolved again as it cools; 

(30.) The water evaporated by plants is perfectly pure ; at leaat i» dseenot 
centein 1-10^000,000 of foreign matter absorbed from the roots. Hcnee aU the 
sfrfMl matter drawn up with water from the roots c»f plants, and all the gases with 
which that water was charged, are absorbed by the plants, aad contribute to 
*>«n»bment. From the leaves of plants vast quantitiee of pure water an 
f!**?!^ ^ Min-flower, 3 feet high, evaporated daily 20 ox. of water, a anaa- 
Uty 17 times greater than that lost by insensible perspiration from an equal sur^ 
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face Df tlw ^«matt body. Fortiiw tcsmb, fiaem trained «• 4ke ^nJlt of a Hitck 
homw often make the inaldtBg exceedingiy damp, and trees near faouses ibava 
the same «ffeet. 

<31.) Many of Che \amet orden c»f aaimab appioaeh aeaily to the fluid iteite. 
Tliey appear itke a soft, transparent jelly, which, by spontaneeas deooapoeitidft 
aAer deathf nr by the application of heitf, is resolved almost entirely into a watery 
flakL Thas a mednsa weighing 26 or 30 pounds, wiil be reduced to only a few 
grains of solid matter. 

(33.> ▲ slip of woad set en fire, and held with a pair of pinchers in a test tube 
iwtil the volatile portions of the wood have passed off in flame, will illnstrata 
tha process of making charcoal.— 'Strong acids take the oscygen and hydrogen 
ftom wood, and therefore leave the carbon, or corfroatse tlte wood. Heat increa* 
aes the action of these aoids. If, therefore, writing is made on paper with eei»> 
mon solphorie acid, it w&i be invisible until heat is applied. 

(33.) The anotent Bntons placed charred stakes in the bed of the Thames, to 
prevent the passage of Julius Caesar and his army. These were found nearly a 
oentnry since, with their heart-wood atill soHd and firm, and their forass pre- 
served completely. The writings of the ancients are still found at HercnlaBeom 
perfectly buck. Tke basis of their ink was finely divided charcoal. 

(34.) ficoeaitly igputed charcoal, absorbs 95 timesits buikof hydrochlerie acii^ 
90 do. of snunonia, 65 of sulphurous, 40 of nitrons acid, 9*5 of oxygen, 9*42 of 
oarbenic acid, 9*26 of oaygea, 5 of oarburetted hydrogen, 1'75 at hydvagen. 
When agitated with water coiifiatnittg sulphuretted hydrogen, it absorbs this gas 
a*d the water beoomos inodorous. Clothes amy be restored from any dtsagioo- 
aMe odor wUek they sray have acquired, by wn^ping np in them, iot a few ' 
koora, some pieces of animal obaneoal. Animid eharcoat will absorb even iimo, 
when boiled with iiasB water. This property is not possessed by lamp-biask or 



(3S.) fioilsaaMiiiownsn^inwsBlenandaddtotbeboiHttgaokitionasmnpoir* 
deradaaimai chaiooal; oeotmoe the hoiiiag, and the charcoal will stwofb the oolor 
of the aogar. .The same effect takes pkee when the colored sointioo is filtered 
tfaroo^ « bsdof eksBcaat2feet ta ^sckaeaa. This charcoal may he eonveni* 
oBliyplaoed in ntahe orin the faroken neck of aretort. Gfaaiooalof iBhtsned 
Uosd is noetefficaeious. Wood charcoal iuMvery lit^e decoloRxiifeg pow«r. 
A sokttion of sidphate of indigo, filtered tfaroogh a depth of 2 feet of animal teha^- 
eoal, will pass out entiioiyooicrless. Common vdnegmr ixnled with charcoal 
powder isiendered ooloness. 

(36.) Place a lai^^ wafer on a pin, or hold it with a pair of pinchers in tiia 
flame of a lamp till it takes fira, tMn ramove it over a sheet of white pi^ier. As 
it bnras, the red oxide of lead <29i .) is reduced hv the charcoal of the wafer, and 
lit^ globules of bright metallic lead fall out on the paper. Mix 4 on. of red lead 
with 1 oz. €»f ohaicoal powder in a crucible, and expose the mixture to a red 
heat for 1*4 of an hoar, then pour out the contents of the crucible and metallic 
lead will run feora beneath the powder. 

(37.) See 26S, 270, 274, 290, 294, 299, 301, (sulphuret of silver in combinli> 
tion with sulphuret of lead), 309, p. 219, 313. In Montserrat there is a moun- 
tain which in one part is covered with deposits of sulphur, derived from the 
deeompositton of suljihar Tapors which issue contmualiy irom fissures in the 
mountain, attended with great heat. Near these fissures respiration is imposs^- 
ble, and the metallic buttons of visitors are instantly tarnished. The sulphur 
mines of Sicily, the craters of volcanoes, and the Soifatera near Naples, are the 
chief sources of the sulphur of cxNnmerce. At Soifatera, the deposit of sulphur 
ocemrs in m kud of sunken plain, surrounded by rocks, which is probably tho 
erster of an ancient volcano. From this since the age of Pliny (A. D. 60.), a 
considerable portion of the sulphur used in Europe has been obtained. 

(36.) The hot springs of Iceland deposit sulphur, and it is deposited by the 
sulphur springs of New York. Virginia, dec From the mountain in Montser 
rat, mentioned above, there flows a rivulet, whose watera boil withjviolenoe and 
an chai^d widi sulphur. New fissures are continually formed in this moun- 
tftin, while tho old ones are stoppled up. About two miles distant, there is 
aaother similar mountain, with which this is said to have a subterranean com- 
muaication. 
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W.) TIm mbtioMtioii of aulpliur mfty be performed, by fjtaicmg avmall qaan- 
tity on a hoi brick or a hot piece of metal, and oovering it with a l«i;|e liett-^faws. 
A broken beil-gtaaa , or a lar^e broken Leyden iar, if it is to be obtained, steoi^ 
be need, as it is aoniewhat difficult to remove the coating of aulphnr from tiie in- 
terior.— Place a large tube, or the broken neck of a retort, in a aaad bath, and 
incloee a small portion of sulpbor on a healed metal or brick within. Heap 
the sand aionna the bottom of the tube, to jMrevent the escape of antphnr fumes. 
The sulphur will sublime and cover the interior of the tube. One of the best 
methods is to heat a liule sulphur in a Florence flask. • The sulphar ci^rstagses 
in beautiful yellow stars in tne upper part of the flask. In a minute state of di- 
vision sulphar may be shown by precipitating it from any of its solatioiis, as 
from the sulphate of potash or sulpbate of soda by baryta water, or from eulphu- 
ntted hydrogen by the peroxide of iron.— ^Wmmofmg^ jmr^der-^nitre 3, sulphur 1, 
dry carbonate of potash 2. If a few grains of^ this powder be |>laced appB a ^re 
ifira, so ' ' ..... *-- »_ • :.. 



shovel over the fira, so that the powder shall heat very gradually, it will at first 
turn Uack, then fuse and emit a faint blue flame, and finally explode with a tre- 
mendous report. Sometimes the violence of the explosion is so great, that the 
abovel is indented. 

(40 ) The ooBBbustion of phosphorus may be well exhibited by burning a large 
piece on a tile or a piece of metal. If placed on vroolen, lint, feathers, dry paper, 
or other bad oondoetors of heat, phoepborus will often pass from a state ot slow 
to that of rapid combustion (104.) It inflames more readily when dusted orer 
with a small quantitjr of powdered charcoal, or the flowers of sulphur. This 
spontaneous combustion of phosphorus, or even its oxidation, may be entirely pre- 
Tented by the presenee of a small quantity of defiant gas, or ether Tapor, or that 
of some essential oil. It may even be distilled in an atmosphere eontaiaiiig liie 
vapor of turpentine in considerable quantity. £ven in cure oxygen this alow 
oxidation does not to on, at least at a temperature of 60^ ; but if this gas be rari- 
fied, or diluted witn nitrogen, hydrogen, or carbonic acid, oxidation commeinoes. 
To show this, place a piece of phosphorus in a phial of OKvgen and dose the 
phial. After aome hoora, open the phial and no ftimes will arise. Now mix 
with the oxygen in the phial, a small quantity of either nitrogen, hydrogen, or 
earbonic add, and set aside as before. On removing the stopper of the pUal, 
phosphorescent fumes will be emitted. Place a bit of phosphorus between two 
pieces of brown paper on a table, and pressing on one end of the paper, hold it 
ibmly. Rub a cork over the phosphorus. When sufficiently rubbed, separate 
the papen, and the phosphorus will take fire and bum rapidly. - This experiment 
illustrates the use of phosphorus in matches, where by sudden condensation and 
friction so much heat is evolved that the matcBes take fire. To inflame phospho- 
ras under water, pot a few grains into a glass tumbler, and poor boiling water 
over it till the glass is half filled. Through a bent tube project a small streaiki 
of oxygen upon the phosphorus, and it will take fire under the water. The tube, 
in this case, should oe ot considerable length, as the phosphorus is 'frequently 
^thrown out of the water by the violence of the action. The extremity should be 
drawn out to a point, to give a fine stream of oxygen. Phosphorus absorbs oxy- 
gen from the chlorate of potash (209.) with explosive energy. One of the most 
Tioleat fulnunating powdera is composed of chlorate of potash 1 greiuy phoroho- 
ros 1-2 grain. If a small portion ot this mixture be struck on an anvil, a loud 
report will ensue. lodate of potash (210.) may be used instead of the chlorate 
in the following proportions : — lodate of fpotash 6 grs., phosphorus ^'grs. Ni> 
trate of bismuth may be used in the proportions, nitrate of bismuth 4<grain8, 
phosphorus 2 grains. This powder may be exploded by trituration in a mortar. 
With 2 gra., of phosphorus, either of the following substances forms a fiilaina- 
ting powder;^ nitrate of silver 6 gre«, nitrate of copper 12 grs., nitrate of mei^ 
cury 4 gra., nitrate of potash 10 gre. In these cases, the mixture should be 
wrapped in a paper, and struck with a hammer which has been heated in the 
fire. If a piece of phosphorus be pressed heavily on a small globule of potassium, 
a vivid combustion will ensue. In this case, both the phosphorus and the po- 
tassium bum by meann of the oxygen of the air, the phosphorus being converted 
into phosphoric acid (159.) and the potassium into potash (204.) The phospho- 
ne acid thus produced, unites with the base potash to form phosphate of potash. 
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Sodium nMiy be used iaetead of potaMHim in Ikk ezperiment, and the phoepbete 
of soda wiU be pfoduoed. Chalk, which ie carbonate of Itine, may be deoom- 
poeed by phoaphorus, which takes the oxygen of the caibonic acid (160.) and 
leaFee behind the carbon and the lime. For this purpose, the phosphorus is pia* 
ced in a crucible, which is then filled up with chalk, so as to cover the phoepbo- 
lus closely. The crucible is then covered with another crucible and subjected 
to a red heat in the fire, it is then removed from the fire, and, when cold, i( 
will be found that the phosphorus has burnt with the oxygen derived from the 
carbonate of lime by which it was surrounded, and that this lias become decom- 
posed into carbon and lime. Phosphorus withdraws the oxysen from nitrate of 
silver, and the metallic silver thus reduced, covers the phosphorus with a bright 
film. Phosphorus may be dissolved in ether br boiling in a phial, or small flask, 
a grain of phosphorus in an ounce of ether. When a piece of cloth is wet with 
this solution, and then exposed to the air, the ether evaporates, and a thin coat- 
ing of phosphorus is left on the cloth. If the cloth is now immersed in a sc^ution 
of gold, the phosphorus withdraws the oxygen from the solution, and the gold 
thus reduced will cover the cloth in every part. , 

(41.) Insert a stick of phosphorus in a quill, and write on the wall ; the letters 
will be luminous in the dark. In this, or in any other experiment with phospho* 
rus, the phosphorus ahrnddnatbe handUd except wider water or with wet hande. If 
the phosphorus takes fire, it should be plunged under water or sTnothered (it caB> 
not burn without oxygen) m some other way. A baniamu mueture is made of 
lard 2 parts, fosin 1 part ; to the lard and rosin, when melted together, add some 
pieces of phosphorus, excluding the air immediately by coveitng the mixture, to 
prevent the combustion of the phosphorus. When the phosphorus is fully dis* 
solved, the heat may be removed from the mixture, and the latter be uncovered. 
It will continue to shine in the dark for a long time, and the heat evolved by the 
gradual combustion of the phosphorus, will be so great as to keep the mixture in 
a melted state. Phosphonc ether prepared in a phial as mentioned above, will 
phosphoresce whenever the phial is uncorked. Phosphoric od (with olive oil) 
and phosphoric turpentine may be prepared in the same manner. 

(43;) Phosphorus, therefore, inflames at a temperature less than that of boiling 
water (2120). nitric acid (248o, (turpentine (31 60), sulphuric acid(620<>), dee. 
Its action with these liquids at the boiling heat, is so violent that it cannot be 
inflamed on any of them with safety, except on water. It is inflamed on water 
at boiling beat, by placing it on a small, thin, glass capsule, or any body ci^ble 
of floating on water and forming a support for the phosphorus wfueh ehaU condnuit 
heat. 

(43.) Phosphoius crystalizes in dodecahedrons. These crystals may be ol^ 
tained from a hot saturated eolation of phosphorus in naptha when this solution 
cools, and may be preserved in the naptha. 

(44.) This color is best shown in a gallon jar or bottle full of the gas, which 
may be collected by the disolacement of air. This color will be preserved for a 
long time if the bottle is perracttydry, and the gas may, therefore, be saved to cob« 
trast with iodine, nitrous oxide gas, dtc. 

(45.) A little moist cotton placed around the ^ tube where it enters the mouth 
of the boUle, will prevent the escape of ehlonne bv absorbing it, and will thua 
prevent the disagreeable eflfects which this gas produces. 

(46.) Fill a quart bottle (of thin white glass) half full with chlorine and the rei- 
roainder with hydrogen. This may be done over water, but in a place not eapand 
f the direU raye of the eun or to bright light. Plane the bottle containing the mix* 
ture under a cover of wire gauze, and throw upon thegause a beam of sun-light 
fh>m a mirror. The hydrogen and chlorine will unite with explosion, and burst 
th(» bottle with a loud report. The experiment may fail if the light is not throwtt 
upon the bottle immediately after the mixture is made. It may be found more 
convenient to set the bottle in a covered box, which is then plaeed in the direct 
sunlight. Draw off the cover from the box by a string, and the mixture in the box 
will instantly explode. 

(47.) The chlorine given off from chloride of lime in the upper part of a bouse, 
will soon descend and fill all the lower stories. This it does partly by its greater 
specific gravity than common air, and partly by the principle of diffusion of gases 
(193.) 

27* 
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(48.) A jptendid oombostkni mmy Iw |Mrodaced by lowering a ^lobok of wsUs- 
sium in an uon tpooii isto a jar of ehlorme. Chloride of potassium te piodiiced. 
Chloride of lodium (or oommon salt) may be fonned in the same way. A piece 
of thin paper wet with turpentine end folded in the form of a match, -will talte 
fire instantly on being lowered into a jar of chlorine, and bum with a lurid 
f l^nut ud a very black smoke, arising uom the dense deposit of carbon. The 
paper match should be held with a pair of pinchers, and the excess of turpentine 
allowed to drop off before introducing it into the jar. Camphor, caoutchouc, 
ether. d(c., continue to bum when inflamed and put into ehlorme gas. A let of 
chlorine will bum Uke a jet of oxygen in hydrogen gas (Ezpt. 27.) (Sew fatter 
partof Expt.68.) 

(40.) Chlorine in water (chlorine water) decomposes the water when placed m 
the sunshine, uniting with its hydrogen and girin^ off the oxygen. For this rea- 
son, dilute chlorine water promotes the germination of seeds, as oxygen is the 
chief agent in producing and stimulating the germination of plants. 

(50.) A nosegay of flowers, made damp by previously immerring them ia wa- 
ter and ahaking off the excess of water, will rapidly absorb chlorine and beoome 
bleached. If introduced in a dry state, they will be but little acted on by the 
chlorine. Pass a stream of chlorine from a small tube into a solution of litmus, 
indigo, or other yegetable infusion, and in a few minutes the color will be dis- 
charged. Pour one of these solutions through a funnel into a flask of chlorine 
gas. The cok>r will be discharged as before. Litmus or indi^ paper is bleach- 
ed by chbrine. A simple bleaching solution is made by pounng a few gnuns of 
the chlorate of notash into a tea-spoonful of hydrochloric acid. This is diluted 
with water, ana substances soaked in it for a short time are bleached. Com- 
mon writing is effaced when the paper or the writing is moistened and held in 
dUorine. 

(51.) It is soluble in 7(XX) parts of water, but even this small quantity colors 
the water brown. Iodine vapor may be shown by volatilizing a small portion in 
a large Jar, similar to that employed for exhibiting the color of chlorine (Expt. 
44.) The two jars, placed side by side, will form a fine contrast. The vapor 
may also be shown, by boiling a little iodine with a few ounces of water in a 
Florence flask. The vapor of the iodine rises along with the vapor of the wa- 
ter. Iodine vapor is seen to great advantage when a scruple or two of iodine 
are thrown on a hot plate or brick. 

(52.) A lighted taper introduced into the jar of iodine vapor (Expt. 51.) shows 
a retarded combustion, but a piece of phosphorus introduced on the deflagradng 
spoon takes fire and bums. Iodine thrown on phosphorus in thin slices, vrill 
combine with the phosphorus. Heat will be extricated, and, if the bodies are in 
contact with air or oxygen, the phosphorus will be inflamed. Three or four thin 
slices of phosphorus should be employed, and be previously dried with bibnlous 
paper. 

. (53.) A larg[e vase of cabbage liquor is turned red by a drop or two of sulphu- 
ric acid. (Stir the acid in the solution with a glass rod.) Add a small qaatni^ 
of alkali, as potash or ammonia, the orisinal colors will be restored, and by ad- 
ding more, a deep green will be produced. By a second addition of acid the so- 
lution can be again reddened, and thus the change of colors produced a great 
number of times. One grain of oxalic acid (341.) dissolved in three gdlions of 
water, will redden litmus paper. Sulphuric acid diluted 35,0(X) times with 
water is detected in the same way. Among the vegetable blues whic^ {all) 
give the acid and alkaline reaction, the following may be selected as examples; 
— blue morning glory, blue lily, triohostema dichotoma (blue curis), betania, 
dahlia, lady slipper, rose (red), miranda. Infusions may be prepared of these 
flowers as directed for preparing cabbage liquor (see ''chemical processes.") 
The noonsleep produces a fine red color with acids, but no alkaline reacfcioo. 
The acid we employed in the foregoing experiments was oxalic acid, and the 
alkali a solution of carbonate of soda. Infusions of green leaves and stems of 
plants will usually show an alteration of color by acids and alkalies. The stain 
virhich acids give to cloth, may be removed by adding ammonia, if the latter be 
applied before the fibre of the cloth is destroyed. If the ammonia is added in 
excess no harm will be done, as this excess will soon evaporate, and leave the 
color of the cloth unaltered. 



SZPEIUMENTS. 315 

(54.) H«ke atolation of nitrate of copper lo weak as to be colorless. Add a 
litue anunoDta to this solution, and an intense blue Oolor will be produced. 
This color will be neutralized or destroyed bj the addition of a little sulphuric 
aeid. it may be again restored by the addition of more ammonia, and thus the 
color may be produced and desiroyed a great number of times. 

(55.) £ip. 16 may be repeated to illustrate the formation of acids and alka- 
lies. 

' (56.) To caustic potash solution 1 os. add sulphuric acid 1-2 oz. The com- 
pound formed by these two corrosive substances, (sulphate of potash) is a mild 
'aalt possessing none of the properties of its components — ^To caustic soda 1 ox. 
add muriatic acid 1 oz. These corrosive substances form b^ their union com- 
mon salt.— Alum is an example of an acid combined with two bases, and is 
therefora called a double salt (253.) Tartar emetic (343 ) is another example. 
The acid (tartaric) is combined with the two bases, antimony and potash. The 
nature of these salts may be illustrated as follows. Add ammonia to oxalate of 
copper, a simple salt oxalate of ammonia is fonned, and the copper is precipi- 
tated. Instead of pure ammonia, add oxalate of ammonia to the oxalate of 
copper, and a dotMe salt of oxalate <^ ammonia and copper is obtained. In the 
iirat case, where the ammonia was added to the oxalate of copper, the oxalic 
acid was deficient for both bases — ^tbe copper and the ammonia, and, therefore, 
it l«^ the copper for the ammonia. But in the second case, where-the oxalate of 
ammonia was added to the oxalate of copper, the acid was in the right quantity 
for both bases, and therefore the double oxalate of copper and ammonia was form- 
ed.— The double salts are not mere mixtures of the simple Salts for the crystal- 
izatioD of the double salts is, in many instances, different from that of the sim- 
ple salts; The double salt may be a rhomboidal blue crystal, while one of the 
simple salts b a flat, prismatic, white crystal, and the other a green powder, &c. 
(57.) Suspend a rose, or a similar flower in a jar of sulphurous acid gas, and 
it will be bleached. The color, however, will gradually return on exposure to 
the air, and it may be restored at once by plunging the rose in water. — The 
fumes ofbuming sulphur quickly blacken silver, forming a sulphuret of silver. 
When a thick crust of this sulphuret is thus produced, it may be struck off from 
the silver by a heavy blow on an anvil, and the silver is left quite clean. By 
-exposing to heat the sulphuret of silver thus obtained, the sulphur is driven 
off and the silver revived. This, therefore, is one of the methods by which sil- 
ver coin are sometimes robbed of a portion of their silver. 

(58.) The deadly character of sulphurous acid is seen in the common practice 
of destroving bees by the *fiimes of sulphur. A bundle of matches lighted, will 
effectually destroy all the bees of a hive, sometimes 20,000 in number. — Insects 
for cabinets, are generally destroyed by the fiiroes of sulphur. The fumes of 
prossie acid (387.) are to be preferred, as sulphur sometimes injures the colon. 
(59.) See Expt. 7. Sulphuric acid expels oxygen from the chlorate of poN 
ash (209.), and in this way may be made to set fire to a small quantity of alcohol. 
< (60.) Dip a piece of sponse into water, and afterwards wring it out, and sus- 
pend it while still damp m the upper part of a bottle which holds a little strong 
sulphuric acid. The acid will attract the moisture from the sponge so rapidly, 
that it will soon become dry, while the acid will be increased in bulk, in pro- 
portion to the quantity of water at firat adhering to the sponge. — Into a saucer 
ponrSoz. of sulphuric acid, and leave it exposed to a damp atmosphere for 24 
Aouis. At the endofthat time, the 3oz. will have increased to neariy4, on 
account of the moisture absorbed from the atmosphere 

. (61.) A large jar of nitrous acid gas may be exuibited by potting a few grains 
of copper, silver, or tin, in the bottom of the jar, and pouring a tittle dilute ni- 
tric acid upon the metal. When the jar is full of nitrous gas, put a little wet 
tour, wool, or cotton over the mouth, and this will absorb the excess of cas, and 
prevent its escape into the luom. The gas thus prepared will form a fine con- 
trast with the bottle of chlorine (Expt. 44.) and that of iodine (Expt. 51.) 
: (62.) Quills are sometimes dyed yellow. Dip a quill into nitric acid, and let 
it remain from a second to five minutes according to the strength of the acid. No 
immediate effect will be perceived upon the quill, but, on taking it out and ex- 
posing it to the light, it will turn to a bright and very durable yellow. The quill 
should be washed in water after being taken out of the acid.— Woolen goods 
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may be ealoMd or BMilMd in Ike mm way. Am d 
pnntod on a piooo of fltanol or eokmd eloth witli diloto julric acid, and a per- 
■HUMttl yelloW color will be inparted to tbe ekub. After a ahoit tune, tbe m 
pexfluoos nitrio acid sbould be washed awav to prcTeat itoeonoding the doth. 



(63) If a piece of gtowiagchaiooal be dropped upon the aaiface <»fat9onciu* 
tiic aeidt the charcoal will must iato aa inteaae fickie. Caatioa ia requindin 
this experiment lest the Tiolence of the action scatter the nitric acid about, if 
pbosphonis ia thrown into strong and hot nitric acid, it bnma with a aplendid 
coobiistion. Very small qoantities of phaephoms shoohl be oscd, aa the acuon 
is exceedingly violent, and tbe pboophorus is olten thrown about ia jets of 
firs. A tall sad narrow vessel is generally employed.-— From a test tobe tied to 
a long stick, poor a few drops of concentrated nitric acid on bismuth. A rapid 
combustion will take place, and nitrate of bismuth be fomed. Tin, snsc,or zed 
hot iron filings may be inflamed ia like manner. 

(64.) Garlwnic acid may be poured from one vessel to another ; it will axtin- 
goish a light, or redden litmus solution in the second vessel. A light m^j also 
be extinguished by a stream of carbonic acid po«u«d directly upon it. 



(65.) Potafewgrainsofchalkiaatallglass jar, and pour ajpon it a teaspoon* 
lul of hydrschlorie acid, caibonic acid will be liberated, and wiU fill the 
jar. A lighted taper immersed in the Jar is extinguished. An animal, as a 
mouse, is soon suffocated in the gas. — ^This gas exerts even a pcHaonoua iniu- 
ence on life. A land tortoise was deprived of one lung by tying up its air tube, 
and yet supported life by the other for several days ; but when one long wsa 
made to breathe carbonic acid, while the other breathed pure air, the animal 
died in a few hours. An atmoephere containing one percent, of eacbonie acid 
i» injurious, and requires immediate ventilation. Miners howev», gsndnally 
nocustom themselves to an atmoephere containing an amount of carbonic acid 
that would destroy a person suddenly entering into it without such preparation. 
But even with miners, frequent accidenU occur, showing that habit doea not 
oecure them from tbe deadly influence of this gas. — ^InsecU may be destroyed 
by immersion in carbonic acid, and be preserved in a ^ooA condition far acafai* 
net.— Carbonic acid also exerts a poaitivt influence m checking cosBbustioa. 



The flame of a candle is extinguished in an atmosphere containing only ^y9 or 
six per cent, of this gas. — Caiijonic acid gas has been applied to ue extinction 
of fires in coal mines, with great success. These fires may be extinguished ia 



one or two days by this meUiod, while by the old method of sesUng up. Hood' 
ing, and pumping out, great labor was required, and months, or even years of 
time expended, it has been proposed also to extinguish the fires in ships in 
the same way. Several vessels containing chalk or broken marble, are to be 
distributed through the lowest part of the ship, and near them other veasels 
containing hydrochloric acid. The latter vessels are to be connected with Uie 
former by pipes closed with valves. Strong wires lesd from these valves to the 
deck. As soon as the fire is discovered, all means of communication wi^ the 
external air must be closed, and the valves opened by means of the wires. The 
vast amount of carbonic acid produced by the contact of the acid with the car- 
bonate of lime will soon displace the common air, fill the whole ship, and ex- 
tinguish the combustion. 

(66.) A white precipitate of carbonate of lime is produced in lime-water, by 
blowing into the water through a tube or pipe. The carbonic acid of the hreath, 
unites with the lime, and the compound being insoluble is precipitated. A pre> 
cipitate of carbonate of baryta may be formed from baryta in the same way. The 
latter is a more delicate test for carbonic acid, than the former, and will soon 
detect its presence in the air of the room where it is exposed. If a jar be hi^ 
for sometime over a charcoal furnace, and the bottom then covered with a flass 
plate and inverted, baryta or lime water poured in will detect carbonic acid ia 
-large quantity, by an immediate and dense white precipitate.— The quantity of 
carbonic acid exhaled, is greatest from II A. M. to 1 P. M. ; smaUeat between 
8 P. M., and 3 A. M. It is also greater when the barometer is low. By setive 
exercise it is greatly increased. This difference is enormous in iasecis. Their 
respiration when at rest, is as feeble as that of cold blooded animala ; but when 
in active movement they consume more oxygen in proportion to their size, than 
anunals of any other class.— The amount of carbanis acid exhaled depends ia a 
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greait toeasiire on three circumstances : ^1.) This amount of active exercise. 
(2.) The temperature of the body. (3.) The amount of carbonic acid in tho 
air which is breathed. Thus 300 cub. in. of air respired three minutes, garo 
only 28 1-2 cub. in. of carbonic acid ; while fresh air respired during the same 
time, gave 32 cub. in. The proper aeration of the blooa is therefore destroyed 
whenever persons are confined where there is not sufficient ventilation. — Deli' 
cate analysis detects a slight difference between the air of a crowded city, and 
that near the luxuriant vegetation of the country in respect to carbonic acid. 
During sleep less carbonic acid is exhaled, probably on account of the cessation 
of muscular exertion, and on account of the warmth of thn body. 

(67.) See Expt. 46. A better method for observing the union of these gases 
is to fill a tube 12 in. long, and 1-2 inch internal diameter with the mixed gases. 
Gxpose the tube to full light. The combustion of the gases will be seen to com- 
mence almost instantly by the cloudy appearance produced within the tube. 
Now coyer up the tube and the action will cease until the tube is a second time 
exposed. Thus by repeating the experiment, the action of the light upon the 
gases is beautifully shown, while from the small size of the tube there is no 
danger in submitting the whole to the direct ravs of the sun. 

(68.) Wrap a jar or phial with a towel, and fill it with the mixed gases, and 
quickly let fall within a lighted match. A loud explosion will ensue. The iar 
will not burst if it has an open mouth, and is tolerably thick. After the explo- 
sion pour in a little solution of litmus, and it will be immediately turned red, 
■how'mg the presence of an acid. Into a similar jar of the mixed gases which 
have not been exploded, if a little litmus solution be poured, the color will b^ 
bleached by the free chlorine. If after explosion th^ bottle be immediately 
turned mouih downwards into the pneumatic cistern, or a basin of water, the 
hydrochloric acid gas with which it is filled will be so rapidly absoibed by the 
water, that the latter will rush up into the bottle until it is entirely filled with 
water. The jet of ohlotine in hydrogen- gas (Expt: 48), soon ceases to bum on 
account of the formation of hydrochlorib acid gas within the jar ot tube in which 
the jet is burned. 

(69.) Prohrisions put up by a certain English house were for a long time in great 
demand for ships trading to the Indies. They were made to keep in a much 
better state of preservation during long voyages b^ the addition of a little mu- 
riatic acid in each cask. A large fortune was realized by the possession of this 
secret. 

(70.) It may be used to remove blots from books and paper, as it removes the 
stahis of common ink, but does not affect printer's ink. It is generally best to 
add 1 ofz. of red lead to 3 6z. of muriatic acid when used for this purpose. 

(71.) See art. 307.-^Hydrochloric acid facilitates the germination of seeds 
which are immersed in it for sonie days. Seeds which do not otherwise ger- 
minate in our climate or in hot houses may be made to germinate in this way. 

(72.) Although this gas is heavier than common air, yet bubbles blown with 
a mixture of sulphuretted hydrogen 2-5, and oxygen 3-5, will ascend. If lighted 
with a candle, tnese bubbles will explode with a loud report, forming water and 
sulphurous acid. Bubbles may also be formed with a mixture of sulphuretted 
byarogen 3-5, and nitric oxide 2-5. These bubbles explode and bum with a 
light Rreen flame. If the gases in these proportions are mixed in a jar and in- 
flamed, a greenish flame wul pervade the whole jar. 

(73.) Several diflferent colored flames mav be exhibited, by preparing bottles 
with tuhes'passing through their corks and drawn out above to a point. This is 
broken off so as to produce a very fine iet of gas. Into one of these bottles place the 
materials for hydrogen gas, into another the same materials with a few dropa of 
tur(>entine or ether in the solution, into a third the same materials with a little 
nitric acid, into a fourth the materials for sulphuretted hydrogen, and into a 
fifth the same materials with a little nitric acid. All these will, when fired, pro- 
duce flames of different colors.— After all the sulphuretted hydrogen is collected 
which is desired, the remainder may be lij;hted as it issues fh>m the tube, and 
thus the color of the flame be exhibited, and the offensive fumes avoided. — A jet 
of large size and great beauty may be formed by filling the gas bag with sulphu- 
retted hydrogen and firing the jet as the gas is driven out of the bag b^ pressure. 
(74.) Images drawn widi acetate of lead will remain colorless, until a stream 



318 BLBMBNTS OF OBBMtSTRT. 

of diis §u is Bade lo fidl nptm ihiB still noist siirlflse. Tke figum «» tbea 
brought oot of a doop idaok eolor (bf the forautioB of soipburot of lesd we 
have geaeiaHy fbnned two ligurea, oae a landscape, the second a caricature. 

(75.) This gas fonas white p r e c ipi ta t es with solutioa of the peroxide at insL 
splendid yellow procgntates with cadnuum, arsenic, and tin, afrfendid omnge 
precipitates with antiinony, brown with tin, bUusk with lead, copper, bisuMith, 
silver ,gold, platinum, and merooiy. 

(76.) The discoloration of silver spoons used with eggs is owing to tiie nal- 
phoretted hydrogen contained in the eggs. 

(77.) The vessel of lead should he about 6 inches lai^ 5 inches widn* and 1 
inch deep. The pieces of ^laaa should be cut considerably smaller, and fitted 
to a wooden support, which u cut out in the centre (Pig. 111.), so that the glass 
rests upon it only on thecomers, m,a^a,a. The wooden support should 
rig. 111. be somewhat laiger than the leaden box, and should rest upon this 
box at the comers. Jt may be out in a few minutes out of tbe wood 
of a sagar box. If the leaden vessel cannot be convenientiy obtained, 
after the plate of glass is covered with wax and the figure drewn, sur- 
round it (the j^ate) with a raiMd «d!g< of wax, and pour open it dilute 
hydrofluoric sisid. The fumes of the acid ahoold be oarefiuly avoided. 
The effect Buyr also be produced by dustmg the glass with some finely 
powdered flwaf spsr, and adding a little sulphuric add to disen^i^ the 
gas fram the fluorspar. A part af the gas will fly off, snd may be detected by 

* e&iat,t 




ra seeondpieceof ^lass owr the wat, butaaetberpoition will be 1 
u thel^ttid, and this portion wiUoocnde the glsssbsneiMi. The latter pooeess 
will suggfst a arods of making a s ub st itnt e for the lesden vassal, by a plate of 
^ass cMlMf covend with was, and {Kovided with a nissd edge of the namf 
Bttbstanee.— A thenrometar tuba, or a ainilar object, is maifcsd by bcmig naatnd 
with wax thsaugh which the nfaindiinas are tmced. The wlmle is then d^ 
ped inta salpbaae acid and afterwasds dusted with fluor-spar in fine pewdec. 

(7S^ Silioa alao aenws a vary impottant pmrpose in the maaufretare af omt- 
for. It gives strength to the mortar by interposing a hard substsaoe bnlmiiiH 
the loose oiystalaDe atructon of the carbonate of Jima. Italsoaarvessa onda 
fiwr cgrstaliaatinn .(kka sticks iaasaline sohitian.) ThereioBe the imadar sad 
sharper the sand tt, the better is 4t suited liar mmlar. 

(79J SiUcais dcye s ite d in different parts of nlaats, eipeciaQy m ti» fiM>i> 
atalks of the leaves. Hence in time the cells ana vessels of the plants bonoaw 
dogged with siUoeous particles, and this is on e sa me why the trees of all oonn- 
tries shed their leaves at a oertsinage. 

(80.) Coiled wire aad watch^aprmg, »nc filings and fed hot ehaceoal, wil 



is evolved.in intimate contact with the vegetable fibre, and therefore the caatch 
will often of itself burst into a flame, wken lighted with aeoalof &re. f h os phowi a 
explodes when a small piece (sise of a [ur head) in aplatiiuim spoon is iaHneraed 
in nitrons oxide, aad touched with a thick iron wire heated to whiteness. 

(81.) Dip a long slip of wood in meked sulphur, so that about one half may 
be covered. Liight it, and, while feebly burmag, intrcHiuce it into a jar of ait* 
rous oxide gas. The flame will be instantly extinguished. Withdraw the sMtch, 
inflame it again, and when the flame is vivid iaunerse it a secoad time. The 
flame will now be maintained with great splendor, of a delicate red odor. 

(82.) This mixture may be exploded in a wide mouthed ]>hial, covered with a 
towel, or in bubbles blown from a gas bag. The explosicm is aooompaaied with 
a loud report. A bubble of pho^uretted hydrogen (186.) passed into a jar of 
nitrous oxide gas, will explode with a bright flame. Sometimes these bubbles 
do not explode at once. In this case, they should not be allowed to aocomnlate. 
Tremendous explosions kave occurred by inattention in this respect. 

(83.) Paste a slip of litmus paper within a glass jar near the bottom, and fill 
Uie jar with lutric oxide. Th*s will not change the color of the litmus paper. 
Now pass up atmospheric air, and the litmus paper will be immediately reddten- 
ed. The same experiment may be performed in a more strikiag muiner, by cahs- 
ug the jar to stand in a solaUon of litmus, or in cabbage liquor^ previoudy ande 
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greeK by w alliali. Oxygen gss produces a BMura stfflLing- effect than coibiboii 
air, and if both the oxygen nd the nitrons oxide are pure, the mixture (hyponi- 
trous acid) wiH be esticely absorbed by the cabbage solution, and this wilf liss 
and ail the jar. 

(84.) A mixtoze of this gas with sulphnret of carbon bums with a blue flame. 

(85.) By paaexBg this sasthxough lime-water (p. 172.), it may be freed from the 
carbonic acid whidi it onen contains. It will then not affect litmus paper or 
litmus selutioB. 

(86L) A. eas jet fof burning diis gas, may be made by bending a lead tube, as 
shown is Fig.. 112. The holes in this jet should be as large as a pin*s 
head. This |ps will not bom as readily as the illuminating gases, and ^^S* ^*^ 
therefore requires much larger orifices in the jet.. Some smiple forms 
of gas jefs which may be used for this gas, or for tlie illuminatmg gases, 
accord*ng to the nze vf the erifceat are reprpseated in the acconqiany ing 
figures. These may be made of tin, tipped with, a small piece of lead 
tube, a, by which they may be screwed on to the transfer jar, or to the 
stopcock of the gasometer. A red hot iron nay be used to inflame carbonic ox- 
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ide and hydrogen gases, but it will not kindle the illuminating gases (p. 122.) 
(97.) That even phosphorus is not inflamed unless oxygen be present, may 
be shown by ptaetng a piece of considerable size in a test tube. 'Hie pho»> 
vhorus will at first take fite, but will be almost immediately smothered in its owii 
nunes. It may now be heated quite hot, without further combustion, and ap- 
pears like aqmet liquid beneath a stratum of white fiimes. Into this hot and 
melted phosphorus, dip a stick which is somewhat longer than the test-tube, and 
sttddenfy draw it out to the air. A portion of phosphorus will adhere to the 
stick, and wiH bum on coming in contact with the air, with a yivid, and almost 
dazzNngflash. 

(89.) This experiment may be exhibited on a small scale by heating the ni* 
tre, charcoal, and sulphur, in three watch crystals, or in three metallic disks of 
siarilar form. To show ttie experiment on a'lai^er scale, take a larp test-tube, 
supported by an iron wire around the rim, and into this tube put the nitre and 
heat it quite hot, then pour in some diy charcoal powder. Another method is 
to heat in a crucible 1-2 oz. of nitre to a red heat, and theoi add 1-4 oz. of pow- 
dered charcoal. A most beautiful combustion will take place, with alaiost ex- 
pfosire energy. This experiment appears to the best advantage when the ni- 
tre is mehedina Florence flask. When the powdered' charcoal is added, a 
most splendid combustion in the form of a volcano takes place. As the flask is 
iE8ualI)r melted by the intensity of the combustion, it is necessary to perform the 
expenmentover the pneumatic cistern or a basin of water.. 

Place the glass cylinder of a lamp over a lighted candle. The candle win 
80<m be extinguished, because no fresh air can 
enter from beneath. The candle is also extin- 
goished when the cylinder is covered at the top, 
although the cylinder is so held that the sir can 
gain iMfflittance from below. In this case the 
candle is extinguished by the burnt gases which 
surroond its Hxaae and exclude the oxygen of the 
But if the cylinder is placed uncovered, on 



Figw 113. 



two pieces of wood, ^e canoie continues to bum 
(fuietly, asid hy holding a taper recently eztin- 

Sisfaed near the lower opening, it will be obvious, 
rm the direction of the smoke, that air rushes 
£r at the bottom but escapes at the ton, and thus a 
constant suf^ly of oxygen is affordea to tlie flame. 
If theopper part of a cylinder of a lamp be divi- 
<ded into two channels by a partition down the 
the mid^s (Fig. 114.), the candle will then bum, 
even if access of air be cut off from below. The 
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iinok« of a glinmeriac ^*P^ ^^^ ^ diswa inwaidii on one side, aadeyyoUed 
from the other, as ipdicsted hy the 
Fif. 114. arrows in the figan. In oommoa 

lamps, air has access only to the 
outside of the flame ; hence com- 
bustion loes on only at the ciicum' 
ferenoe, and the interior of the flame 
is therefore dariL But if air be ad- 
mitted into this interior portion, the 
dark part disapiMars. The csjrfoon 
of the flame is in this way ignited 
on both surfaces of the flame, and 
more intensely by reason of the 
greater heat. On this principle, the 
Argmdkmma [Fi^. 115.] are oonr 
structed. Toe air is admitted imiAm 
at m, a, and without at b, 6, as shown 
bv the arrows, and may be made ev- 
ident by the smoke of a taper. 
(89.) For an inextinguishable match, mix together nitre 4, gun- ^ 
powder 2, sulphur 1, all in a dry sUte. Prepare some paper cyl- * 
inden of thick and hard paper, and place them over nails drivea 
in a board, to support them in an upright position. Now fill them 
with the mixture, ramming it well. A single nail will in this way hold the pa- 
per cylinder firmlv to the board. When set on fire these cylinders cannot be 
extinguished, and will even bum under water. 

(90.) Upon a board about 2 feet, long place several heaps of gunpowder aixwt 
2 inches apart, wet the powder with turpentine, and connect the heaps with 
each other by moistening the space between with turpentinew Now apply 
flame to the moistened heap of powder at one end of the board. The ^ame will 
travel over this heap and along the line of gunpowder, without exploding it, to 
the end, but after the turpentine is nearly consumed, the powder heaps wiU ex- 
plode, beginning with the one st the end where the flame commenced, and end- 
ing with the most distant pile. The little turpentine that remains in the gun- 
powder will add greatlv to the intensity of its combustion. Alcohol or ether 
may be used instead of, or in connection with turpentine. Place a piece of phos 
phorus on some cotton wet with alcohol. Inflame the alcohol, and it will bum 
without kindling the phosphorus until it has nearly burnt out. £ther or turpenr 
tine may be substituted for the alcohol, and sulphur or gunpowder for the phos- 
phorus. Alcohol may be inflamed on a white bnen handkerehief without injury 
to the handkerchief, or on the band without inconvenience, although ta the point 
of the flame glass may be melted. Float a hoop on the water of the pneumatic 
cistern, and fasten it to the sides of the cistern, so that it will maintain its posi- 
tion on the water. Fill the spsce within the hoop with alcohol or turpentme, 
which will float on the water, and set the alcohol on fire. Within the tall column 
of flame thus produced, the hand may be inserted, by carefully bcaiding the aim 
through the water below and the alcohol within the hoop. 

(91.) The hollow nature of flame mayjbe shown by thrusting one end of a tub^ 
slightly inclined within the wick of a burning lamp. A portion of white gss 
will issue from the other end of the tube, sometimes in sufficient quantity to be 
mflamed. 

/92.) The carbon of gas may be consumed (instead of being ignited) in the 
following manner, and the result will be a loss o{ illuminating pow^r. Take a 
wide tube, or a lamp chhnney, and pass through it a cunrent of gas, so thatov 
frorn beneath is mixed freely with the current in the tube* As the current issues 
from the top of the tube, place over it a wire -gauze, which will have the efl[eetto 
mix the air and gas more perfectly. If this mixture is now lighted, it will bum 
with no k)S8 of heat, but with feeble illuminating power. The length of the tabe 
being important only to mix the gas and the air, it may be much diminished by 
placing a wire-gauze about the middle of the tube, in addition to the one at the 
top. 
(03.) The particles of carbon in the previous experiment (92.)bcing compile- 
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ly oonramedfit w31 be fband that no soot will be depotited, this being the nn- 
eonsuined caibon of the flame. 

(94.) A copper wire twitted into aspire! form (Fig. 116.) will so oool the flame 

of a lamp in to whiehit is placed as to extinguish it, bat if 

Fig. 116. the spiral be previously heated to redness, the flame will 

•B^sBSBaHBMv not M cxtlnguished. It should be about an inch in diam- 
eter, so as to pass over the flame. A jet for the ozy-hy- 
drogen blowpipe (183.) has been constructed on this prin- 
ciple. A tube of brass about 4 inches in diameter is filled with pieces of fine 
brass wir^, which are all tightly wedged together by a pointed lod driven into 
the center of the bundle. This arrangement presents a great number of metal 
tubes, reiY long in proportion to their diameter. The cooling power of this 
great surface of meUl is such as to prevent the possibility of the passage of 
flame, even that of oxygen and hydrogen. 

(95.) I'o illustrate the action of the blowpipe flame, make a bead (see <* chem- 
ical processes") with borax and the oxide of chrome, or theoxides of cobalt, man- 
ganese , iron, dec. ; also with carbonate of soda and manganese. Show the in- 
tense light produced by the flame on lime. 

(96.) Bubbles of this gas may be burnt as they rise from the surface of water. 
The orifices of gas jets (Expt 86.) for burning this gas should be exceedingly 
small, not laiger than the wire of the smallest pins. 

(97.) The mixed gases may be exploded in soap bubbles, or as they rise trom 
the surface of water. 

(98.) The old temples of the Guebres, or fire worshippers, at Baku, on the 
weslern shots of the Caspian sea, are Imilt over jets of uflammable gas, which 
issue from apertures in the earth. Within an area of two miles in circumference 
if holes be insde in the earth gas immediately rises, and may be set on fire by a 
lighted torch. Jets of inflammable gas have been observed on a mountain in the 
island of Samos ; also in Bengal in a temple at Ghittagong, and in many other 
places. A current of inflammable gas was discovered in 1828, in the bed of a 
rivulet on the road between Edinburgh and Glasgow, about seven miles from 
Glasgow. It was said to be emitted for more than half a mile along the banks 
of the rivulet. In one place where a large number of jets issued near each other, 
they were set on fire and burnt uninterruptedly during five weeks, giving the 
day soil the appearance of powdered brick. 
(98.) Albany, N. Y., coal, Virginia and New Castle, 40 cts. 100 ft . gas. 
Baltimore, Md., do. do. and some resili, "^ ^- 

Boston, Mass., do, Pictou and some Cannel, 
Buffalo, N. Y., do. Ohio and Peimsylvania, 
Charleston, S. C, do. Cannel, 
Cincinatti, O., do. Pittsburg and Youghany, 
Hartford, Ct., do. Newcastle, 
Rochester, N. Y., do. American Cannel, 
Lancaster, Pa., resin, 
Norfolk, Vs., do. 
f99.) In front of the retorts in the figure are seen fioo long bars, one of which 
light colored is the coldb, the other dark shaded is attached to the lid of the re- 
tort. Through the light ook>red bar or the catch a screw passes, by taming 
which the lid is pressed closely to the retort. When the retorts are to be open- 
ed the screws are unbound, the light colored bar is lifted up from the eateh, and 
swung with the screw attached to it wide open, the lid is then lifted oflf l^ the 
dark colored bar or the handle which is attached to it. Before the lid is asain 
applied to the retort, a mixture of clay and sand is applied around the«dge which 
makes the junction with the retort air tight when the lid is screwed up. 

(100.) Ammonia for the purposes of experiment, is more conveniently pre- 
pared by distilling liquid ammonia in a Florence flask or a retort. The 
gas will issue with great rapidity, and may be collected in a perfectlv dry flask 
or tube. When the flask is fiill, a feather dipped in hydrochloric acid and held 
near the mouth, will give dense white fumes. The flask may now be oorked, 
bat the gaseannot be kmg retained in this way,as it will escape through the pons 
of the cork. « 

(101.) Fill a jar with ammoniacal gas and place in it a piece of firesh ehar- 
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eoal ; after 2i bonis the wbole of tbe imiminia will be wbaotbed, no odor re- 
maining. 

(102.) Pill along glass tnbe witb ammooiaeal gas, and wben quite fuHt plonge 
the lower and in avessel ot water, the absorption of the gas will beso rapid and 
so complete, that the water will rash with foice to the tnp of the tube, and com- 
pletely fill it.— Fill a bottle with ammoniacal gas, and drop into it a piece of ice ; 
the ice will almost instantly be dissolved, and great cold will be produced by the 
absorption of latent heat in its liquefaction. If this experiment be performed 
over mercnry, the mercury will rise and fill the jar or bottle. 

(103 ) Paas a stream of the gas through a solution of litmus prcTioiiBlj red- 
dened by a little acid, the color will be changed to a deep blue. — A rery dense 
and beautiful blue color is produced by passing a stream of ammoniacal gas 
through a solution of sulphate of copper (blue vitriol), so dilute as to be colorless. 
This consists of the ammoniuret oi copper, which is insoluble in water (and, 
therefore, is at first precipitated), but is dissolved in the water of ammonia, 
formed by continuing the stream of gas. 

(104.) Ammonia maybe thus detected in a quill, or in other animal matter, 
when burnt — A stream of chlorine passed into a very strong solution of am> 
munia in a phial decomposes the ammonia, and each bubble in so doing bursts 
into a flame, with a slignt explosion. — If the experiment be reversed, and gas- 
eous ammonia be passed into strong chlorine water, the ammonia will inflame, 
and continue to burn with a pale lilac flame, producing chloride of anamonium 
(223 ) and giving off* nitrogen. — Fill two bottles, one with gaseous ammonia and 
the other with chlosine. Place them neck to neck, the one containing ammonia 
being uppermost. The gases will mingle with each other notwithstanding the 
difference of their specific gravities (193.), and their union will generally be at- 
tended with flame at the mouth of the bottles — Pour a solution of ammonia into 
chlorine water. In this case also chloride of ammonium will be formed and nit- 
rogen given off. 

(105.) The ammonia from guano and other rich organic manures may be de* 
tected in this way. 

(106.) Cut a piece of potassium with a knife ; its bright metallic surface will 
soon tarnish, and become covered with a white crust of potash or oxide of 
potassium. Place a small piece of potassium on a red hot iron after removing the 
naptha adhering to it by blotting paper. It will immediately take fire. By its 
combustion it will form an oraT>ge-red powder, which is the peroxide of potas- 
sium. If burnt in oxygen it produces the same powder. If to this powder a 
few drops of water be added, a part of the oxygen is disengaged with efferves- 
cence, and potash remains in solution.— Potassium takes fire instantly when 
placed in chlorine, formmg a chloride of potassium.— When thrown on water a 
part of it combines with the oxygien of the water, forming potash, while the 
other part unites with the hydrogen to form potassuretted hydrogen. This gas 
being very inflammable takes fire, and by its combustion is converted into pot- 
ash and water. Towards the latter part of this experiment the potassium ex- 
plodest and throws about the potash with which it is covered with considerable 
force.— The same actioh will take place if potassium be thrown on ice. — The 
decomposition of water by potassium may be shown by vrrapping a piece of 
this metal in paper, and introducing it underneath a test-tube full of water, in- 
verted over a basin or the pneumatic cistern. The potassium will rise in the 
test-tube to the top, and the moment the water reaches it through the paper, part 
of it will be decomposed, the oxygen combining with thepotassium, while an 
equivalent portion of hydrogen is formed in the tube. Tne hydrogen may be 
inflamed bp applying a lighted match. — Potassium dropped into sulphuric acid 
at the bottom of a long tube, will decompose the acid with the evolution of heat 
and light.— To 2 grs. of iodine in a test-tube 4 or 5 inches long add a grain of 
potassium, and hold the tube for a second or two in the flame of a spirit lamp. 
An intense light and energetic action are produced, and the potassium and iodine 
unite, forming hydriodate of potash. As the tube is generally broken by the 
violence of the action, the hand should be defended by a glove, and the mouth 
of the tube turned away from the operator. — Sulphur also combines with potas- 
sium with^he evolution of beat and light, forming sulphuret of potassium.— A 
half anprain of sulphur- may be used with a ^in of potassium*— Take a small 
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^bule of potttssiam and a small piece of phosphorus of the size of m split pea. 
Press the two substances together with the point of a knife on a marble slab, 
or a warm iron, and they will unite with a vivid combustion, forming phosphate 
of potash. — Tin and potassium unite when melted together in equal parts in a 
prucible. Light is evolved at the instant of their union.— In like manner po- 
tassium and metallic arsenic unite, forming arseniuret of potassium. 

(107.) Place a globule of mercury about the size of a pea, and a globule of 
potassium aix>ut half as large, on a sheet of writing paper. By lifting the pa- 
per bring the two metals into contact. The instant this takes place, they will 
combine with the evolution of heat. The amalgam at first fluia, on account of 
the heat, will soon become solid, although a small quantity of a solid has been 
combined with twice the amount of a liquid meti^l. Put the amalgam into a 
tea-cup containing warm water. The potassium will here show its greater af« 
finity for oxygen (of the water), than for mercury, by quickly combining with 
the water, while the mercury is reduced and f<tlls to the bottom. Hydrogen is 
set free by the decomposition of the water. If the amalgam is wrapped in a 
piece of muslin and suspended in a tall jar just beneath the surface of the 
water, the mercury will ooze through the muslin and fall to the bottom, as the 
amalgam undergoes decomposition. A. similar effect will take place, when diis 
amalgam is exposed to the air but less iHpidly. 

. (108.) A piece of dry potash exposed to the air. in a very few minutes will 
become quite damp and soon melt away. 

(109.) The following mixture forms a deflagrating powder ; nitre 4, sulpburet 
of antimony 2, sulphur 1. These constituents are well mixed on a sheet of 
paper with a wooden or ivory spatula. A dram, or larger quantity cs placed 
on a piece of dry wood or iron, and fired with a red hot iron. Instant deflag- 
ration aecorapanied by a great heat and dazzling light takes place. — The fol- 
lowLng mixture is ^fidnmatine powder ; nitre 10 grs., phosphorus 2 grs. This 
mixture explodes violently, when struck on an anvil with a hot hammer. — Mix 
gunpowder with 1-3 its weight of powdered |:lass. Place a little of this mix- 
ture on an anviil, and strike it a heavy blow with a hammer, it will generally 
esplode with a loud report. — Into a crucible containing red hot nitre, throw a 
few filings of arsenic, antimony, bismuth, zinc, iron, lead, tin, copper, &c. The 
combustion will be different in the different metals, and sometimes be attended 
with detonation. The same effect takes place with the metallic sulpburets as 
with the metals.-^anada balsam greatly augments the explosive energy of gun- 
powder. The flash of the mixture is as instantaneous as that of gunpowder* and 
the volume of flame is much greater. A small quantity of gunpowder may be 
flashed in a wide mouthed phial without exploding it, but if the same amount 
be mixed with a little thick Canada balsam and put into the phial, and flred by 
a slow match, the phial will be blown to pieces with a very loud report. 

<1J0.) Pulverize 5 drams of nitre and 5 drams of sal ammoniac, and add 2 oz. 
of water to them. This mixture will sink the thermometer from +50° to -f-lO<* or 
40<^, and will freeze oil of turpentine, wine water, sea water, milk, and vinegar. 

(111.) The experiments given under potassium, may be repeated with sodium. 

(112.) Soluble glass, (soluble on account of the great proportion of alkali 
which It contains :) pearlash 10, sand 15, chaicoal 4. One part of this glass is 
dissolved in about 4 of water. — Plate glass : white sand 100, carbonate of lime 
2, soda 45 to 48, fragments of glass oflike quality 100, oxide of manganese 1-4. 
—Flint glass: fine white sand 120, well purified pearlash 40, litharge or red lead 
35, nitre 13, and a small quantity of the black oxide of manganese. — Crown 
glass : fine white sand 100, carbonate of lime 12, carbonate of soda calcined 45 
to 48, clippings of crow^n glass 100, and a small quantity of manganese. — Bottle 
glass : common white or yellow sand 100, coarse kelp (carbonate T>f soda pre- 
pared from sea-weed) 30 to 40, lixiviated potash 160 to 170, fresh wood ashes 
30 to 40, yellow clay or brick earth 80 to 100, broken glass 100. \ 

Art. 214. Dissolve 3 parts of Glauber's salts in 2 of boiling water, and pour ' 

the solution while hot into a phial, and cork the phial tightly. No crystaliza- \ 

tion will take place, even when the solution is perfectly cold, but if the cork be \ 

removed, the crystal ization will proceed with rapidity, if this does not take ^^ 

place immediately, the introduction of any solid matter commences it, and Ihe i 

temperature at once rises, ' 
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223. JVfcsnf micfiin with m2 miimomae, Sal amaiomae 5 drama, aahpetn 
5 drmoM, water 2 ounces. This mixtare will aink the thermometer from 50^ 
above to 10° below aero. It freeaes oil of turpentine, wine water, sea-water, 
milk, and vineg ar. — Dust the hand with powdered sal ammoniac, or place a tea^ 
spoonful of the powdered aalt in the haml, and add a table«spoonml of water. 
The sensation of cold will be very strong. 

Page 181. Colors of porcelain. Dark purple by manganese, roae V^lorby 
gold precipitated by tin, orange b^ antimony, blue in different shades by anti- 
mony, green by copper, also by nickel with potash, fine brown by nickel and 
umber.— ilclum of o/am on tht vegetable colore. Fill three wine glasses with cab- 
bage liquor, and add to one a little muriatic acid, to the second a aolatioa of 
alum, Mud to the third a solution of potash. The liquor in the first glaas wiU 
assusae a beautiful crimson, that of a second a purple, and the third a bright 
green. An infusion of Isrkspux and many other flowers will be changed to a 
green by a solution of alum. 

Art. 261. Flint glass may be beautifully colored with manganese by pauadiiig 
it up in a mortar and melting some of the powder thus obtained with a minute 
quantity of the black oxide of manganese, either before the bbwpipNS. or in a 
crucible on the fire.— Mix a minute quantity of manganese with 5 times its weight 
of borsx, and with a brush lay this mixttire over an unbaked tile or tobacco pipe. 
Place the tile m the furnace until it is baked, and the same amethyst color will 
be produced. 

%75. Sugar of lead 1-2 os. dissolve in water. Add ten drops of nitric acid or 
a little rinegar. In this solution suspend by a string a piece of sine about the 
size of a haxel nut, and twist once or twice around the zinc a piece of fine 
brass or cop{>er wire. The end of this wire should hang down in a tasteful form, 
as the lead will be precipitated upon it. No part of the wire or the zinc should 
touch the sides of the bottle. The nithc acid or vinegar ii added to the solution 
to dissolve a white cloudy precipitate, which is often formed when sugar of lead 
is dissolved in common water, or when it is impure. Filtering the solution, 
will answer the same purpose.— A tin tree may be formed by mssolving muii- 
ate of tin 3 drs. in water, and adding 10 drops of nitric acid. From this sola- 
tioa the tin may be precipitated as the lead in the last experiment. 

280. Blue enamels for porcelain are composed of white enamel snd a minute 
quantity of cobalt. White enamel is a comi>osition of pure sand 3, cbalk 1, 
calcined borax 3 ; or broken flint glass 3, calcined borax 1, antimoniate of pot* 
ash 1. The arseoiate of cobalt is the most convenient form in which this sub- 
stance can be used, as the arsenic acid is partly driven off by the heat, and 
what remains acts as a flux without producmg any color of itself. The addi- 
tion of a small portion of nitre often brings out a finer color. — The sapphire is 
imitated by a composition of wkitepaeu 2 oz., and oxideof cobalt 2 drms. 26 era. 
White paste is composed of white sand first washed and purified with hydro- 
chloric acid, and then with water till the whole of the acid is removed. Of 
white sand thus prepared 100 parte are taken to form white paste, with ttdi lead 
150, calcined potash 30 to 35, calcined borax 10, oxide of arsenic I. Thete 
materials are kept in a state of fusion for three or four days. The paste thus 
formed is that from which dXL the artificial gems are formed by coloring with va- 
rious metallic oxides. 

281. A landscape may be drawn with India ink, and the foliage painted with 
muriate of cobalt. Some flowers may be added with acetate of cobalt, others 

' with muriate of copper. After the picture is dry, when cold onlj an outline of 
the landscape will oe visible, but when gradually warmed the foliage will grad* 
ually be brought out of a green color, the flowers painted with acetate of cobalt 
blue, and those painted with muriate of copper yellow. These colors will 
again disappear as the picture grows cold. Iff however, once strongly heated 
they become permanent. — Leitere may be drawn of tUese different colors 
which will be invisible when cold but be brought out by heat. 

Page 199. Ftuibie alloys of bismuth : bismuth 8, lead 4, tin 1 ; bismuth 14, 
mercury 16, lead 32; bismuth 4, lead 4, tin 1, mercury 1 ; bismuth 1, lead 2; 
bismuth 3, lead 6, antimony 3.— Melt 2 drams of nitrate of bismuth, and pour 
the melted metal into a dram of mercury. Melt also 2 drams of lead and pour 
it into a dram of mercury. When cold these alloys ai^ solid, but when rubbed 
together they enter into a state of fusion with each other.— Letters drawn with 
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the nitrate of bismuth when di^ are inTisiUe, but are broaght oat of a white 
color by immersing the paper m water, and of a black color by exposing them 
to a stream of sulphuretted hydrogen) or touching them with a feather dipped 
in a solution of sulphnret of potash. — A fine lemon color, the chromate of bis- 
muth, is formed by adding chromate of potash to nitrate of bismuth. 

289. Miners detect copper in an iore by dropping a little nitric 'acid upon the 
ore, and after a time dipping a feather into the acid, and wiping it over a pol- 
ished kntfie blade. If there be the smallest quantity of copper in the ore this 
metal will be precipitated on the knife. 

Page 205. Yellow letters of the chromate of lead may be formed by writing 
with a dilute solution of chromate of potash on a sheet of paper prepared with a 
salt of lead, as the acetate. 

Page 212. Sometimes a mixed precipitate of the chloride and the sulphate of 
silver is obtained. These may be separated by raising the temperature of the 
solution to the boiling point, by which the sulphate of silver will be redissoWed, 
but the chloride will remain undissolved. The experiment may be tried by 
dropping into a glass of water a drop of sulphuric acid, and one or two drops 
of hydrochloric acid. Add a little nitrate or silver and the mixed precipitate 
of the chloride and the sulphate will be formed. 

302. Silver is also reduced from its solutions by hydrogen, and by chloride of 
ammonium. Silk may be silvered with letters, or fldwers, or any other fig- 
urea, by drawing the figure on the silk with the silver solution, and exposing it to 
a stream of hydrogen gas. 

903. The Daguerreotype plate is brought to a high polish by rubbing it with 
tripoli and rotten stone, to which a little nitric acid exceedingly dilute has 
been added to insure a more effectual cleaning of the plate. This plate 
is next exposed in a box to the vapor which rises from iodine at common tem- 
peratures, or without the application of heat, in this box it is allowed to re- 
main until it has acquired a yellow golden tint. It is then placed in a second 
box containing bromme, the fumes of which rising attack the plate and add to 
the golden color a violet tint. The plate is now ready to receive the picture. 
For this purpose it is put into the camera obscura. After remaining in the ca- 
mera the proper lengtn of time it is removed. The effect has been produced on 
the plate, but this effect is as yet invisible. * To ** bring out the picture*' the 
plate is placed in a box containing mercury, and exposed to the fumes of this 
substance for a time. These fumes are raised by the application of a gentle 
heat from a spirit lamp beneath the mercury. In a short time the image comes 
out, and to prevent any further action of light upon the picture, the latter is 
carefully washed in a solution of hyposulphite of soda. This substance dis- 
solves off all the •eiuilvM eoaiing of tbe plate, that is all the coating which has 
not been already acted upon by lisht, and fixed by the processes to which 



the plate has been exposed. The plate is gilded by dipping it into a mixture of 
the hyposulphite of soda and the chloride ofgold. This acts like a varnish, fas- 
tening the picture and giving it a more agreeable yellow tint. 

In '* Talbotvping" the pictures are made on paper. Writing paper of good 
quality is washed on one side with a moderately dilute solution ol nitrate of 
silver, and left to dry spontaneously in a dark room. When dry it is dipped 
into a solution of iodide of potassium and again dried. To hasten this part of 
the process the pap«ra sk now generally dried between pieces of blotting or 
unsized paper. Inese dperations are performed in a room with but liitle day- 
light or by candle light. When required for use these papers are dipped into (or 
nther floated orit so as to prepare only one sensitive surface — so of the processes 
mentioned above) a solution of nitrate of silver, to which acetic acid and gallio 
acid have been added (just before using), and once more carefully dried. The 
paper thus prepared is now intoduced into the camera and receives the 
picture. It IS so sensitive that exposure to diffuse daylight for one second sulB. 
ees to make an impression upon it, and even the light of the moon produces 
the same effect although a longer time is required. The images when fine 
taken out of the camera are invisible, but are brought out by once more 
washing the paper in the mixture of nitrate of silver, acetic and gallic acids, 
and by warming it before the fire. The picture is then fixed by immersion in a 
solution of bromide of potassium and by washing in water. This is a nggaiiiM 
28» 
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picture, that it all the lights and thadM are reversed. In order to obtam s 
pontive picture the negative is placed over paper prepared for the purpose with 
chloride of silver, and both pa|]Kers are coverea and held together by a glass plate 
in a frame. The frame is then inclined in the full light of the sun where it 
remains for a short time, till the rays passing through the light parts of the neg- 
atire picture have darkened the pa|>er beneath, and thus produced on that pa* 
per a reverse picture, or a positive picture. From one negative picture, there- 
lore, many positive pictures may be obtained, and this is, therefore, one of the 
advantages of this process over the Daguerreotype. 

There are many other methods of forming pictures on paper, which hare re- 
ceived the names of " chromatype/* or colored pictures, " energiatype," from 
the extreme sensitiveness to light of the paper prepared by this method, " iod«- 
t5pe," where the picture is formed with starch and icxiine, dec. All these 
processes, however, proceed on the same general plan. 

One great advantage of Talbotypes over Daguerreotypes is that the former caxk 
be seen in all positions, while the latter being formed on a reflecting surface 
can be seen only in one position. Talbotypes are now made in great perfeo 
tion in some parts of the country, and perhaps are destined to supersede, in a 
great degree, Daguerreotypes. 

Page 216. Melt a globule of tin to a white heat, and drop it upon an inclined 
board, it will break into a multitude of small globules, which bum with a bright 
light as they roll down the boaid, and mark their course by lines of white oxide 
of tin. — Tin may be reduced to a finely divided state by pouring it while melted 
into a wooden box the inside of which has been rubbed with chalk, and by sha- 
king it in the box till it is cold. — In covering plates of iron with tin, the iron is 
thoroughly cleaned by rubbing with sand. It is then steeped in water acidu- 
lated with sulphuric acid. When taken out and dried the plates are gently- 
heated in an oven being first rubbed over with grease to prevent oxidation. 
In this state they are immersed in melted tin, which not only adheres to the sur- 
face, but in a great measure penetrates the whole plate. — Tin plate may be 
beautifully crystalized by heating it on or before a clear fire until so hot that a 
drop of water let fall upon it will boil. A wash is then applied to the surface 
consisting of equal parts of nitric and hydrochloric acids, after which the plate 
is rinsed in water to remove the acid adhering to its surface. This will be 
beautifully crystalized. The appearance of the plate may be greatly varied by 
making one part hotter than the rest before applying the wash. 

Page 219. Antimony may be fused like tin under the blowpipe, and thrown 
on an inclined board. The small globules into which it divides, bum with a 
very lively flame, throwing out on all sides brilliant sparks. — Metal supports 
for iron pins are fastened into porcelain door knobs with a solder of lead 35, 
antimony I. This solder melts at a very low temperature. It is poured into 
the knob in such a manner as to catch in three small holes, the excess being 
removed b^ a small tool contrived for the purpose. 

Detonating powder, with sulphuretof antimony may be prepared with the fol- 
lowing; proportions : sulphuret of antimony 6 grs., chlorate of potash 3 grs. 
Place a Uttle of the mixture on an anvil, and strike it a sudden blow with a 
hammer. It explodes with a loud report and a vivid flame. — Defidgratmg paW' 
der ; sulphuret of antimony 2 oz., nitre 4 oz., sulphur I oz. Mix the materials 
well on a sheet of paper with a wooden or ivory spatula, and lay about a drani 
or more of the composition on a piece of wood or iron. Fire with a red hot 
' iron. Instant deflagration with dazzling light and great heat will be produced. 

Art. 310. Mix a few grains of metallic arsenic with twice its weight of gun- 
^ powder and an eqi^al weight of nitre. Grind the mixture well, and set fire te it. 

The antimony will burn with great splendor, producing a whitish blue flame. 

313. White fire, nitre gi, sulphur 7, realgar 2, pulverized and mixed inti- 
' raately. 

31$. If leaf gold be dropped into two glasses, one containing pure nitric acid, 
'^ and the other hydrochloric acid, the gold will remain undissolved in both. But 

y if the contents of the two glasses be poured together, the metal will be entirely 

^ dissolved and disappear. — Moisten white satin ribbon or silk with a diluted 

j^ solution of gold, and while moist, expose it to % stream of hydrogen or sulphu- 

^ I'ous ^eid. gas. These gases will decompose the oxide pf ^old »od deposit the 



s' 



EXPERIMENTS. 327 

^old in a uniform coating on the silk. In this way any ornamental figures may 
e laid upon silk, the gilding of which will be permanent 

317. An ethereal solution of gold for gilding is prepared by agitating with a 
solution of nitro-muriate of gold about a fourth part of ether. When thoroughly 
mixed, allow the solution to stand until the ether separates in an upper stratum. 
This will contain the ethereal gold, and may be carefully poured off mto another 
Teasel. A polished steel instrument dipped into this solution, and immediately 
after into water, becomes coated with reduced gold. An ethereal solution of 
platinum may be prepared in the same way. 

354. For 12 gallons of ink take nutgalls 12 lbs., sulphate of iron 5 lbs., gum 
Senegal 5 lbs., water 12 gallons. The nutgalls are bruised and boiled for three, 
hours in a copper vessel of a depth equal to its diameter. Nine gallons of water 
are at first used, and the remainder added to replace what is lost by evaporation. 
The decoction is emptied into a tub, allowed to settle, and the clear liquor 
drawn off. The lees are then drained, l^o this decoction of nutgalls the gum 
dissolved in a little hot water and filtered is added. The sulphate of iron is 
also separately dissolved, and well mixed with the other ingredients. The color 
darkens by degrees in the air as the iron becomes peroxided. When ink is 
used in a pale state the writing is more durable, because its particles are then 
finer and penetrate the paper more intimately. Mould in ink is owing to the 
growth ot a minute fungus. It may be prevented by the addition of a few 
bruised cloves or other aromatic perfumes. — Write with a weak solution of sul- 
phate of iron. When dry the writing will be invisible. By wetting a feather 
with tincture of galls and drawing over the letters they wiU brought out of a 
black color. 

384. For red sealing wax melt together with a very gentle heat shellac 48, 
Peruvian balsam 1, and add gradually the finest cinnabar which has been thor- 
ouehly levigated. Mix the ingredients well together by stirring. Or use the 
following ingredients : pale shellac 1-4 oz., turpentine 1 dram, cinnabar 1 dram, 
prepared chalk 3-4 dram. — For black sealing wax mix shellac 2 with ivory black 
1, and perfume with a little Peruvian balsam or storax. The great seals appli- 
ed to certain legal documents in England are made of a mixture of Venice tur- 
pentine 15, olive oil 5, wax 8, melted together and colored with red lead.-~ 
Chi ome yellow, azure blue, mountain green, lamp-black, and bronze powder, 
are some of the substances used to color sealing wax. 

389. When potassium is heated in cyanogen it takes fire and bums in a very 
beautiful manner. 

391. Write with a weak solution of sulphate of iron. When dry the letters 
will be invisible, but a fes^ther dipped in ferrocyanide of potassium will brings 
them out of a beautiful blue color. — Reddish-brown letters may be formed by 
using sulphate of copper instead of sulphate of iron. 

400. Colon for Chemists* windows. — Greertt verdigris dissolved in water, and 
acetic acid added ; — sulphate of cojpper 2 oz., salt 4 osf., water 20 oz. ; add solu- 
tion of sulphate of copper to a solution of bichromate of potanh ; — add nitric acid 
to a solution of sulphate of copper. Bluej liquid ammonia added to a weak so- 
lution of sulphate of copper ; — Prussian blue 10 grs., oxalic acid 20 grs., water 
16 oz. LUac^ dissolve zaffre (impure oxide of cobalt) in hydrochloric acid, filter, 
and add caibonate of ammonia in excess ; to this add ammonio-sulphate of 
copper until the .proper color is produced. Yellow, quercitron bark, or Indian 
vellow, or saffron (the last to be prefened), boiled in water. Orange^ dissolve 
bichromate of potash until the required tint is produced ; sometimes sulphuric or 
hydrochloric acid is added. Pink, rouge dissolved in water ;— dissolve zaffre 2 
oz. in hydrochloric acid 6 oz., filter, add solution of carbonate of ammonia in ex- 
cess, then add I fluid oz. of potash solution, and dilute with water to produce the 
required color. RMy cochineal or carmine dissolved in water. This tike most 
of the other colors is improved by the addition of ammonia. Pvrpte, a littfe 
Prussian blue added to the red liquid; sulphate of copper 1 oz., carbonate of 
ammonia 1 1-2 oz., water 2 1-2 pints. Violet, ammonio-sulphate of copper dilu- 
ted with water, and enough of the pink color mentioned above to produce the 
required tint. Straw-color, %2asi!bo%e dissolved in water. 

Colored ink*- — Dissolve in water any of the usual water <*4>lors, particularly 
those which ttXt transparent, and add a little gum water to the solution. 
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TboM procetset only which are most impoxtant, and which have not bem 

•IrMc/y det€ri6id, caa be mentiooed. Among these are the following: — Method 

qfrnahngJUtera. Fold a piece of thia blotting 

Fig. 117. paper (about 3 inches square) in half, so as to 

bring the comers C D upon A B, then fold the 

comer B C upon A D, so as to biing all the 

\ comers together at A. These are now all cut 

- off in the dotted Ime E F, and the filter is 

finished by separating one of the folds, d, fivmi 

the others, a, 6, and c. The filter thus made, 

nay be suspended in a funnel, or in a ^lasi 

or porcelain hoop. 

A more convenient method of making filters 
is to cut a number at once in a circular form. 
This is done by placing a circular vessel (as a 
glaas jar) ove/ seTeral thicknesses of filter pa- 
per on a board, and then cutting aroand the 
edge of the vessel with the point of a knife. 
The paper thus cut oat in the form of circles, is afterwards folded as directed 
above. For common filters, ordinary printers' paper will answer. The filter 
should generally be moistened with some of the liquid of the substance to be fil- 
tered before the whole is poured in. If* for example, the substance is dissolved 
in water, the filter should be previously moistened with water ; if alcohol is the 
aolvent the filter should be moistened with alcohol. When thus moistened the 
filter is less apt to be broken by the fluid which is poured in, and it also sepa- 
rates a liquid of a different nature. Thus when water and oil are mixed, if the 
filter is previously moistened with water the oil is prevented from passing through, 
and in tnis way the water and the oil may be separated. Washing a^ter,or rather 
the solid substance left on the filter, is done by directing a small 
stream of water upon it from the washing bottle (Fig. 118.), or Fig. 118. 
the dropping tube (Fig. 119.) The latter is held under water 
until it IS full. Tike thumb is then placed over the top, and 
in this way the water is retained in the tube until it is brought 
over the filter. The thumb is then removed and the water flows 
out at the lower end of the tube. The dropping 
tube is of constant use in a course of chemical ex- 
periments. To prepare tybes for corke, it is often i 
necessary to fuse a narrow rim or edee on the end 
of the tube. This may be done by the blowpipe, 
and by pressing the end of the tube while red not 
against a smooth block of wood. This fusion 
strengthens the end of the tube, and prevents its 
fasi. tendency to split, apart when a cork is pressed into rriea fo-so, 
the tube. To bend glass tubes, if the tube is small 
use the heat of a lamp. Heat the tube on all sides till it begins to fall of itself, 
then withdraw it from the lamp, and bend it with tho^ands. A better and more 
gradual curve can ofte!i be obtained by allowing the tube to fall into or take by its 
own weight while red hot the rpquired form. Large tubes should be I>ent in a 
charcoal furnace. To seal a tube hermeticallyy heat, it red hot in the alcohol 
lamp or in a furnace. It may then be drawn out to a fine point, and by melting 
the point thus formed the tube is perfectly sealed. On the ends of tubes which 
have been sealed hermetically bulbs may be blown by the heat of a lamp, but 
much more readily by the heat of a charcoal furnace, especially if a'blaat ca& 



; Fig. 119. 
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be applied to the fire. To fit a tuhe ivithin a eorkj a hole the sise of the tube is 
made with brass cork borerst or, where these are not to be had, by boring the hole 
with a red hot iron somewhat smaller than the tube to be inserted, and enlarging 
the hole thus made with a red hot glass tube. The red hot glass makes a smooth- 
er and a more uniform hole through the cork than iron wire, as it retains heat 
longer, and is itself a smoother surface. 

Process for making blowpvpe beads. The finest platinum wire is selected, and 
the end bent into a nook (Fig. 120.) This hook should 
not be larger than the extremity of an ever-pointed pencil Fig. 120. 

(so that a pencil lead of ordinary size will pass through. q 

it is moistened and applied to some pulverized borax, and 
the powder thus taken up is exposed to the blowpipe flame. The water of ciys- 
talization is thus driven off, and the borax melts into a transparent bead. Moist- 
en the bead thus formed and apply it to the powder of the substance under ex- 
amination. Again fuse the bead in the blowpipe flame, and the color which it 
acquires will in many cases determine the body under examination. An exceed- 
ingly small quantity of the substance must be taken on the borax bead, as a lar- 
ger portion would often render the bead opaque and destroy the roaction. Beads 
with carbonate of soda and several other substances may be formed in the same 
manner as that with borax, and are often very useful in detecting the presence 
of bodies in minute quantities. 

In testing with liquid reagents it is generally best to dilute the solution of the 
substance under examination with distilled water or pure ram water. Hence, 
take in a test-tiibe (Fig. 127.) as much of the substance as will fill the convex 
part of the tube to a, add an equal quantity of water, and then drop in the least 
portion of the reagent which will answer. 

Composition and method of using cement. Resin 5 oz., beeswax 1, Spanish 
brown 1. Melt together and add a teaspoonful of plaster of Paris or brick dust. 
When mehed and well mixed, allow the whole to cool, till it will not bum the 
hand when this is wet. Then pour into the hands (being wet) a little of the 
cement, and work it up into a roll or stick. It will be found most convenient in 
this form. These rolls may sometimes be maide on a wet table, and of various 
sizes. We have found it convenient \o have various sizes from an inch thick 
down to a size even smaller than the ordinary size of sealing wax. Surfaces ta 
be cemented should be previously heated, to expel the moisture with which they 
are almost always more or less coated. On the surface while heated rub a little 
cement, enough to make a coating. This will insure a perfect adhesion between 
the surface and the cement when melted and applied m larger quantity. This 
is the only sure way of making perfectly tight cement joints. 

In decanting liquids from one vessel to another, it is often not only convenient 
but essential to prevent any loss of the liquid by running over the side of the full 
vessel. This taw be done bv holding a tube or a slip of glass in contact with 
the lip or edge of this vessel. The liquid yviW follow down the slip or tube oi 
glass into the vessel below without any loss from the above mentioned cause. 
Short slips and tubes of glass for this and a great variety of purposes, should be . 
kept (m hand in a jar or wine glass of clear water, by which they may be always, 
ready lor use. 

To prepare caJthage liquor ^ cut up the leaves of red cabbage into strips and up- 
on these pour boiling water, and allow the liquid to stand until cold. When 
cold pour off the liquor, and it is ready for use. Infusion^ from other substances 
sometimes require that the vessel (as a cup) should be placed in boiling water, 
after this is poured upon the vegetable substance. iMtes are made of various 
substances, such as white lead, plaster of Paris, pottm^lay, &c. Where the 
article to be heated is to be exposed to great heat, the b^Pute is made of pot- ^ 
ters* clay (or even ordi^gM^H part and white sand 3 parts. In most cases ' 
where junctions are tol^^^HB|^|UBe not to be exposed to a jet of steam or 
to watery vapor, potters*cll^MHHHu;xpt. 20.) Where watery vapor is to 
be guarded against, white l ead i s used^^^ 

In boiling certain liq«MM|ta|ttllition is often so violent as to endanger the 
vessel if this is glass. ^^^^^^^V7* ii^ inos^ cases, be removed by dropping 
into the liquid some particl^W^HMa which will not be acted on, as small pie- 
ce! of glass, charcoal, brass wire7«c. Small coils of platinum wire aie best 
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•dtptad to thw panose, on sccoont of the laMtubilitj of olatiiMiBi in moat liqoidB, 
and iu great weignt which causes it to remain below toe surface of the boiling 
liquid. In boiling tiquida of this kind the veoael ahould never be mare tkam three 
foyrthefidl. 

The liquid to be evaporated must often be protected from dast and other cau- 
ses of contamioation. This is done by covering the evaporattBg dish with a 
pipce of filter paper of sufficient size. This is supported on three strips of glass 
which lie across the edges of the evaporating dish in the form of a triangle, and 
is held down by another strip of glass which is placed above the whole. A bet- 
ter method is to make a double hoooy the inner hoop of wood, and the outer con- 
siderably wider (sn inch and a hall) of pasteboard (or also of wood.) The paste- 
lioard hoop slips over the wooden one, and the edges of the filter paper are held 
between both ooops, so that the paper is stretched across the inner hoc^ like the 
head of a drum. A single wide hoop will answer, for a paper cover will last for 
a long time, and when it is broken through, a secoiid may be pasted over the 
whole. 

Among the convenience* of a laboratory, wire of different kinds and sizes akonld 
always 1^ at hand. Small copper wire (binding wire) is of constaitf service. 
Wire trianglee of different sizes are often useful, particularly in snpportmg ob- 
jects over a furnace or a lamp. A very convenient small portable fomace may be 
made by inverting the wire cover of a nK>use trap. A few pleees of ignited char- 
coal thrown into this furnace, produce a far higher and more uniform heat than 
that of an ordinary alcohol lamp. Lamp-lighters made of paper are also frequently 
▼ery useful. Important experimento may be rendered unsuooeasAd for want 
of amall facilities of this kind. They may be kept on hand in a jar. 

it is frequently desirable to increase for a short, time the heat of aa alcohol 
lamp (as in the process of makiag oxygen gas. ) This may be done bjr holding a 
atrip of newspaper or any other waste paper in the lantp. It will be found very 
convenient to keep on hand a quantity of paper for this purpose. The heat of a 
lamp, if this has a broad top, may sometimes be most conveniently increaadd by 
addmx with a pair of pinchers or tongs small pieces of cotton which have been 
dipped in alconol. A great volume of flame may be in this way produced. Ko 
danger is incurred if the lamp is a metal one, and the cotton may at ai^ time be 
reo^oved should the heat become too gre<^» 

To save time in cUaneittg apparatus, it qiay be well to keep on hand a bottle 
of potash solution, and another to receive strong acid solutions, vrhich, contain- 
ing various impurities froif^ use, are unfit for any other puipose. j^lasks may of- 
ten be cleansed by agitating wet paper, alone or mixed with wet aand, within 
them. Test-tubes may be cleansed by a *wab made to fit them of a stick cover* 
ed with lamp wick or strips of cotton cloth, or better by teotel fitMiched to aniton 
wijre and $ttiD|; the (estrtube. 
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Gaaometer. The cheapest form of gasometer is represented in Fig. 121. It 

consists of a tin or wooden box, to which are attached a funnel tube, k, 

Fig. 121. made of tin, and extendmg nearly to the bottom of the box, a stopcock, 

dy and a short tube, 6, opening into the box near the bottom. This short 

<:^;| tube is stopped with a cork or a metal cap. The gasometer is filled 

V with water by stopping 6, and opening d, and also c, which is a stopcock 

ij^tf in the funnel tube. Water is tlien poured in at Ac, by which the air is 

driven out of the gasometer at d, and the gasometer filled with water. 

_ When full c and d are shut and 6 is opened. Little or no water escapes 
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when b is opened, as the water within the gasometer is supported by 
the pressure of the atmosphere.* The gas is collected by thrusting the 
tube from which it is delivered through 6, entirely within the gasometer. 
The gas is then heard to bubble over, and rises to the top of the gasom- 
eter within, while an equal bulk of water escapes through b (around the 
gas tube which is not so wide as b, and therefore occupies but a portion of its 
cavity.) When the gasometer is full of gas, b is closed and a flexible tube at- 
tached to d ; c is then opened, and water poured in at k. lliis descending into 
the gasometer expels the gas through d, and through the flexible tube attached 
to d, by which it is conveyed where it is desired. The contents of the gasome- 
ter should be at least a cubic foot. 

The pneumatic cistern is made so as to contain one or more gasometers with 
other conveniences for collecting or decanting gases. In Fig. 122 is represented 

a pneumatic cistern with four gasome- 
Fig. 122. ters. Two are placed on each side with 

a wide space, c, filled with water be- 
tween. Water also flows over the tops 
of all the gasometers, these being placed 
a little below the top of the pneumatic 
cistern. These gasometers differ from 
that represented m the last figure only 
in having a short tube, c, on the side, 
the stopcock of which may be •open- 
ed or shut by the wires, h and i. These wires extend nearly to the top of the 
water, and this arrangement takes the place of the funnel tube, k, in the laat fig- 
ure. When the space, «, is filled with water, 6, b, b, 6, (the two last belonging 
to the two interior gasometers are not represented) are shut, and the four stop- 
cocks on the gasometers (c2), as well as the four valves (c), are opened. The 
water then flows in from the space e, into all the gasometers through the valves 
(c), while the air is driven out through the stopcocks tdl When all the gasom- 
eters EitE full of w:iterythey rnny be filled with fourJjjffupntgKsesT or with the 
same gna^ by gt(:tppin^ the vaUwi (,<) and the slopcot^ff^^Mmn^ A^ d, 6, b, and 
thrusting the tLLl>^ ecmveyiii^r ibe giis through ih^se etmljI^HKntjrely wiihin 
the gmaometer tut hefur^JM^ii^lcd with jtsiiR this raa^^B^ieJIod from the 




space, *, Lein^ kept fu| 
gas CBcnpfiB fwmd. 
along on the edge of Lhi 
and a shott funut:! att^e! 
jsr Ailed with water and 




valves (c) and thdpiopcocks (d), the 

t now ttins in ihmugb t, and the 

n at jf a sliding shelf whieh *^\idei 

There is an npeaing through this shelf, 

rhich gas^y be {iionveyed upwards to a 

ahelf. J 
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The folkminf article* of appMstas hare been mentiaiied in tlw ] 
get of this work, and are therefore inaertcd jMntly for the take of r 



Fig. 123. Fig. 124. Fig. 125. 

Wt tfp v ni Jmr, Tnasfar Jv. 



Fig. 126. 




Fig. 129. 



•IJO. 

Fig. 126 represents the arrangement for waahmg a gas, as hydrogen (ETpt. 24.) 
The gas is generated in the larger bottle and passed through lime water or some 
other purifier in the smaller bottle. In Fig. 127 are seen a test tube and holder. 
The holder is formed by folding up a piece of paper into a strip about 
Fig. 127. an inch wide and four inches long, and contammgfour or five tbick- 
~ nesses of paper. This strip is wrapped about the tube, and held at the 
r-«^ two ends. Test tubes are sold at about 50 cents per dozen, 
I the price dependina upon their size and quality. Fig. 128. 

^ ^ The extremity of the common blowpipe rFig. 129.) may be 
coated with Tarnished paper to prevent toe bad taste of the 
brass tube in the mouth. It is sometimes gilded by the elec- 
trotype process for the same reason. The Berzelius blowpipe 
(Fig. 130.) has a platinum jet, an ivory mouth-piece, and an 
ivory reservoir. It is made in four pieces with ground joints. 
Flexible tubes are either of lead or caoutchouc. The latter are to he 
preferred, but a lead tube, 2 or 3 yards 
m length and provided with a stopcock on 
one end, is often very convenient. Three ' 
or four brass stopcocks should be obtained, 
^and as many screw connectors. The for- fo-ss. 
mer are sold at 9 1 .00 each, the latter at $0.25. Sheet 
India rvbb^ may be obtained for ^.50 per square 
foot. Fig. 131 represents the method of making In- 
of sheet India rubber. A small strip of India rubber 
is wrapped around a tube of the required size. The 
ends of the strip are then cut off by a pair of scis- 
sors in the direction represented by 
the dottedjine. The new cut edges Fig. 131. 
unite with each other, and their 
inion may be rendered more perfect ( 
by pressing them^tog'ether with the 
nail (b'H t w fth oiU t :■■ ■ 1 r^ i ^ : ^ t ! K ■ .1 L , } The India rub- 
[rum ih& tube, and applied to the 
:fty be bnci reajdy made at 75 cts. 
a greiit variety of purposes. 
^ nry in size, form, and 
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dia rubber connectors out 
Fig. 130. 

BerMltm blowpip*. 
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per dozen, and a few will last a la] 

A measuring glass is often requi rf 
mode of sraduation. It is tj^rpfore bi 
kind. Tney vary in price fjiioi^ c^nts 
ing sixteen ounces). 
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